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SUMMARY 
Reasons for the use of automated methods for the detailing 
of reinforced concrete members are described and the application 
of automation to the various parts of the detailing process is 
discussed. Particular attention is given to the problems of 
producing working information economically without suffering a 
loss of quality and clarity compared with existing manual techniques 
and the development of a suitable system for the production of 
working information is described. The problems of preventing 
interference between the reinforcement in different members at 
intersections are described and techniques for ensuring compatibility 
are discussed. The use of various types of computer is considered 
and the results of a survey into the capabilities of a number of 
types of small computer are set out. Finally the effects on both 
the design office and the site of the use of automated detailing 
techniques using the proposed method of producing working information 
are considered and an estimate made of the costs of implementing 
such a system, together with its possible savings. 
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1. GENERAL INTRODUCTION 
For more than a decade, digital computers have been used to 
an increasing extent by the structural engineer for structural 
analysis. Their application has ranged from the analysis of extremely 
complex structures that would have been difficult or impossible to 
analyse in the traditional way to the routine processing of straight-
forward building frames. 
It was not until more recently, however, that a number of 
organisations began developing and implementing their use in the 
design process, particularly in reinforced concrete design and detailing. 
This delay was largely due to the fact that the logic of much of the 
detailing process is relatively complex compared with the simpler logic 
(though greater mathematical complexity) of structural analysis. 
Detailing, and the associated production of working information does, 
however, involve a large amount of repetitive, time consuming and 
relatively elementary arithmetic calculation, together with the production 
of large quantities of written information, which ·tend to make it 
suitable for the application of automated techniques. 
Different organisations have developed different techniques, 
especially in the production of working information for use on site. 
This· is clearly an unfortunate development, particularly at a time when 
the industry has been making progress towards the standardisation of 
manually produced details. The development of these techniques does 
mean, however, that the advantages and disadvantages of a variety of 
methods have become apparent. 
In this thesis the application of automation to the detailing of 
reinforced concrete is considered and the different techniques adopted 
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by the various organisations, particularly for the production of 
working information, are discussed. Recommendations are made for 
the development of a flexible system of producing working information 
for use throughout the industry and the work already carried out on 
this method is described. 
A number of aspects of automated detailing are then considered 
in detail. Various ways of dealing with the problem of preventing 
interference at intersections between the reinforcement in different 
members are discussed, with particular attention being given to some 
of the more frequently occurring types, of intersection. The use of 
various types of computer is considered, particularly the application 
of small machines in the design office. Finally the application and 
implementation of the proposed system are discussed, together with 
its effects in the design office and on site, and an estimate made 
of its economics. 
2. 
2. THE DETAILING PROCESS 
The process of designing any structure can be divided into three 
main stages, each involving a different approach. The first of these, 
the conceptual stage, involves deciding both the form of structure most 
suited to the prospective user's needs and the type of construction. 
Most of the important engineering decisions are made at this stage 
and to a great extent the whole economy of the structure and its 
suitability for its purpose depend on these decisions, which are 
dependent on the skill and experience of the designer. In the second 
stage, member sizes are selected and the resulting structure is analysed 
by hand or by computer, the process being repeated, if necessary, until 
suitable dimensions are found. The third stage, consisting of the 
preparation of all the detailed information for the construction of the 
structure, is, compared with the earlier parts of the process, more 
involved, with a multiplicity of minor decisions and the processing of 
large amounts of information. 
While the decisions made in the first two stages are the responsibility 
of the design engineer, the final part of the process is usually delegated 
to more junior staff, the point in the process at which this delegation 
occurs depending on the organisation involved. 
With most reinforced concrete construction this traditionally takes 
place once the steel areas required in the various members have been 
decided, the remainder of the process, generally known as detailing, 
being left to the detailer or detail draughtsman. 
The detailing process can be broken down into a number of distinct 
stages, the most important of which are: 
3. 
(i) the arrangement of reinforcement throughout the structure so as 
to provide the required steel areas, ensuring that no interference will 
occur between the reinforcement in different members. 
(ii) the scheduling of this reinforcement for supply and costipg 
purposes, 
I 
(iii) the scheduling of other materials required such as concrete and 
shuttering, and 
(iv) the production of the information required by the site for the 
construction of the structure, traditionally in the form of scale 
working drawings. 
Three types of drawing are generally produced:-
(i) general arrangement drawings, showing the layout of the members 
making up the structure, 
(ii) outline drawings, to a larger scale, showing the outlines and 
dimensions of the members, together with the sizes and locations of 
fixings and holes, 
(iii) reinforcement drawings, describing the reinforcement and showing 
its location related to the member outlines. 
In many cases the second and third of these can be combined, 
the main exception being where extremely complex elements are involved. 
For many years different organisations adopted different methods 
for scheduling reinforcement and showing information on drawings although 
recently progress has been made towards standardisation. Examples of 
this are the standard method of presenting reinforcement bending 
schedules given in BS 1478 (ref.l) and its metric replacement BS 4466 
(ref.2), and the report 'Standard method of detailing reinforced concrete' 
(ref. 3). This lack of standardisation was also party due to the lack of 
literature on the subject although recent books by Barker (ref.4) and 
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Boughton (ref.S) have helped fill the gap, particularly the latter 
which generally complies with the recommendations of the 'Standard 
method'. 
Because the detailing process involves a great deal of repetitive 
and tedious calculation and the production of a large number of 
drawings and schedules, attempts have been made to simplify the job of 
the detailer. In 1961 Creasy (ref.6) suggested a number of ways in 
which efficiency could be improved and, while not generally implemented, 
many of his conclusions remain valid. A further example is the way 
in which some firms have produced ranges of 'standard drawings' for 
the more common types of detail to reduce the amount of draughting 
required. Despite these moves, however, detailing has remained a 
time consuming process which, owing to the need to delay the production 
of.details until required, in order to reduce last minute revisions, 
suffers from peaks of demand which are likely to cause organisational 
problems. 
s. 
3. ASPECTS OF AUTOMATION 
3.1 REASONS FOR AUTOMATION 
In addition to the amount of repetitive and tedious calculation 
involved in detailing reinforced concrete members, other reasons exist 
for the automation of at least a proportion of this work. 
The most important of these are interconnected. In recent years · 
drawing office costs have increased rapidly, chiefly due to the rapid 
increase in detailer's salaries. This rise in costs has been 
compounded by an increasing shortage of staff at the detailer and 
draughtsman levels caused both by the increasing design load and the 
general rise in educational standards (ref. 7, pages 5-8). While, 
as discussed later, only a proportion of detailing work is suitable 
for automation, its application, where possible, could take away much 
of the more routine work from the detailer. As a greater amount of 
time is generally spent on detailed design than on conception, this 
would have an appreciable effect on the efficiency of the design office. 
The available detailing and draughting staff would be freed to concentrate 
on the more non-standard, and therefore the more interesting, work while 
the design engineer would be able to concentrate more on engineering 
problems rather than arithmetic calculation. The faster production of 
work by the computer would also appreciably ease the problem of peaks of 
demand upon the system. 
In addition to these major reasons for automation, a number of 
others exist. The use of the computer should remove the arithmetical 
errors occurring with manual detailing, preventing time having to be 
spent correcting these later. Additional useful information such as 
6. 
schedules of reinforcement weights, concrete and shuttering quantities 
can also be produced without additional work by the detailer while the 
results produced should be more consistent in appearance than those 
produced manually by different detailers. Finally, last minute 
modifications, where required, could be dealt with much more quickly. 
3. 2 SUITABILITY OF THE PROCESS FOR AUTOMATION 
Automation is generally only economic when applied to processes 
involving a high degree of repetition. The best, and the most generally 
adopted, approach to its use in the detailing of building structures is 
therefore that of breaking up what are unique or virtually unique 
structural arrangements into their constituent members or elements. 
Automated techniques can then be used to deal with the more frequently 
recurring of these such as bases, pile caps, columns, beams, slabs 
and staircases of regular section, leaving the more uncommon or special 
elements to be dealt with in the traditional way. The adoption of 
this approach means that, provided the intersections between members 
can be dealt with satisfactorily, a large part of any building structure 
of any size, however unique, can be dealt with by an automated system. 
While only members of regular cross-section are fully suited to 
automation, many elements occur that are nearly, but not quite, regular, 
for example beams with nibs. A large proportion of these may be 
suitable for partial automated detailing, the outlines being amended 
and additional reinforcement inserted by hand. 
The starting point of the process must also be considered. While 
traditionally the detailing process begins after the required areas of 
reinforcement have been calculated there is no reason why, given a 
computer of sufficient size, these areas should not be calculated by 
the detailing program. The calculation of member sizes is, however, 
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best excluded from the process. Although computer programs have been 
written for their optimum design, in the majority of cases member sizes 
are chosen for reasons other than the minimum cost of materials, such 
as architectural and service requirements and to enable the re-use of 
formwork. 
3.3 THE NEED FOR STANDARDISATION 
Because of the costs involved and the number of staff required, 
work on automated detailing was until recently only being undertaken 
by some of the larger firms in the industry and by a small number of 
consortia of smaller firms. This work was therefore outside the 
reach of most organisations. As mentioned earlier, greatly differing 
techniques have been developed, especially in the production of working 
information for use on site. 
While at present, because of the relatively small number of 
organisations using these techniques, there is little chance of 
confusion arising on site because of the number of systems in use, 
the use of different techniques by different design offices would be 
likely to cause problems in the long run. Continued development in 
this way would also lead to great duplication of effort and involve the 
waste of valuable manpower and resources. 
Although eventually this development of a variety of techniques 
might end with the adoption of one or another as a standard, it is 
considered that it would be better if a standard, acceptable to at 
least a large proportion of the industry, was developed from the 
beginning. The setting up of an organisation to develop such a 
standard, sponsored by a large number of concerns, is discussed later 
s.· 
in this thesis, as is. its proposed development plan. The main 
advantages to be gained from such an organisation are that: 
{i) the views and requirements of a large part of the industry can 
be taken into account, so that· the res~lts produced are more likely 
to be acceptable to the industry as a whole. 
(ii) the costs of developing such a system can be shared between the 
concerns involved, 
(iii) the overall expenditure and manpower required can be reduced 
to a minimum by preventing duplication of effort. 
(iv) a standard form of output can be devised, reducing the possibility 
of confusion on site. 
3.4 THE NEED FOR FLEXIBILITY 
Most of the work already carried out by the industry has been 
concerned with the use of large computer systems, using either a 
machine owned by the user or computer bureau facilities. Such programs 
usually also perform much of the analysis process (member sizes being 
fixed by the design engineer) , detailing being only the final part of 
the work carried out. An argument also exists, however, for the use 
of small computer configurations, perhaps costing as little as £6000, 
in the drawing office, to replace some of the functions of the detailer 
and draughtsman. The use of these machines is discussed in sectiont2. 
It is therefore considered necessary that any system should be flexible 
enough to be used by the whole range of computers and be suitable for 
use with as large a range of output devices as possible. If this is 
done it should be possible for any new standard to be adopted, without 
difficulty, by the organisations that have already developed programs. 
It would also be hoped that the new system would be adopted for use 
with the programs used in the 'Building' sub-system of the Department 
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of the Environment's Genesys organisation. 
It was pointed out earlier that any system would have a much 
larger range of application if its use could be extended, by means 
of manual alteration, to deal with elements that are not quite regular. 
For this to be practicable, it would be necessary for any information 
produced to be suitable for manual amendment. It would also be an 
advantage if a system could be devised to reduce the work load on the 
design office, even where computers are not used. 
3.5 THE REQUIREMENTSOF AN AUTOMATED SYSTEM 
The main criterion of any system of automated detailing is 
that the results produced should be acceptable to the site as well 
as advantageous to the design office. 
From the designers point of view, any new method should be 
quicker and cheaper than the equivalent traditional technique and 
should reduce the work load in the design office. 
In addition, the structure produced should be no more expensive 
to construct than one detailed traditionally. This requirement 
is not as straightforward as may appear at first.and is discussed 
in more detail at the end of this section. 
The designer should be permitted as much freedom as possible in 
his design of the structure. For example a range of material properties 
should be permitted and, where necessary, a degree of choice allowed 
at the start of the process to ensure that a satisfactory solution 
can be obtained for any particular problem. 
In addition to the final results of calculations, reinforcement 
schedules, lists of quantities and working information, the original 
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data should be printed out together with sufficient intermediate results 
to permit adequate checking of the design. The comments made in the 
previous section regarding manual alteration and amendment and the need 
for implementation on a variety of machines are also important. 
One of the contractor's main requirements would be that any time 
and labour saving in the design office would not result in additional 
work on site. All the information likely to be required on site should 
be explicit and immediately available, with no chance of confusion 
in deciding the location of individual members. All the information 
for any one member should therefore occur on the same document. 
To prevent problems of interpretation, the information for 
different types of member should be produced in a consistent way and 
the output produced by different machines should be similar. Because 
jobs would always involve a mixture of automated and traditionally 
produced information, working information produced by any new method 
should not differ too greatly from that produced traditionally. This 
would also help reduce confusion during any change-over period and 
between successive jobs using traditional and automated methods. 
Finally, for both design office and site, all the documents 
produced should be durable and easy to read, handle, file and reproduce. 
The question of ensuring that the total cost of any structure 
should not be increased by the use of automated methods of detailing 
has a number of aspects. As described in sectioniO, the detailing 
of reinforcement to prevent interference at some of the more complex 
types of intersection can be greatly simplified by the use of steel 
arrangements using rather more reinforcement than might be necessary 
with manually produced details. These arrangements have the advantage 
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of simplifying the job of the steel fixer and may, in time, reduce 
contractors unit rates, or, at least, prevent increases in these 
rates. In the short term, however, a rise in the costs of certain 
members may occur. 
Williams (ref.8) estimates that in routine reinforced concrete 
construction the detailing process accounts for only 3% of the total 
cost. He goes on to point out that, even if the cost of detailing 
is halved, the advantage will be lost if the cost of construction is 
increased by only 1!%. It can be argued, however, that the reduction 
in time and arithmetic calculation brought about by automation should 
give the designer more chance of optimising the basic design of the 
structure, resulting in generally cheaper construction. Creasy 
(ref. 6, page 303), for example, argues that the general cost pattern 
is determined before detailing is commenced and that, compared with 
the savings possible during the earlier stages of the design process, 
the nett effect of the additional materials needed to simplify details 
is usually quite margina~. 
In addition, savings can be produced through the use of the 
computer to try a variety of bar arrangements and sizes, choosing the 
cheapest, and to permit the more accurate calculation of reinforcement 
cut off positions etc., thereby offsetting any rise in costs due to 
simplified bar arrangements. 
It is therefore considered that, provided details are simplified 
by the provision of additional reinforcement only where appreciable 
advantages occur in the detailing process, apparent slight increases 
in material costs should be acceptable. 
12. 
4. AUTOMATION OF THE DETAILING PROCESS 
4.1 INTRODUCTION 
The ways in Which various concerns have attempted to use automated 
techniques in the detailing process have differed greatly in extent and 
approach. At one extreme, particular sections of the process have been 
dealt with, such as the preparation of bar ~chedules or drawings. At 
the other extreme the whole process has been automated, frequently 
including parts of the design process, for individual members or strings 
of members and, in one case, for a large part of the structural building 
frame. 
Details of these techniques have been given at a number of 
symposia and, in addition, a number of articles have been published in 
the technical press (refs. 9 to 14). Several of these techniques were 
also described in the Ministry of Public Building and Works' report 
'Communication from Designer to Site' (ref. 15). 
For ease of reference, brief descriptions of the methods adopted 
by a number of these concerns and examples of the documents produced 
are given in Appendices I & II respectively. 
The application of automation to the various parts of the 
detailing process is discussed briefly in the remaining parts of this 
section, the more awkward and complex parts of the process being dealt 
with in more detail in later sections. 
4.2 THE CALCULATION OF REINFORCEMENT AREAS 
While the calculation of reinforcement areas is not strictly part 
of the detailing process, most organisations (and the MPBW working group) 
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see the automated detailed design process starting after decisio~have 
been made on member sizes. 
As mentioned in section 3, it is not expected that any major 
problems are likely to be met in implementing these calculations as part 
of the detailing process with large computers. The programming is 
relatively straightforward and is generally performed in accordance with 
the relevant code of practice, either CP114 or the new unified code 
CPllO. Numerous examples of programs performing these calculations 
in accordance with the older code are already in existence for a 
variety of types of member (see Appendix I) and no major problems are 
expected to occur through the use of its replacement. 
Where small computers are used in the design office, difficulties 
may be encountered, owing to their restricted storage, in producing 
programs for both reinforcement area calculations and detailing for 
the more complicated types of element. In this event the area 
calculations could be performed elsewhere, either manually or by means 
of a programmable calculator or desk top computer for example. The 
required steel areas would then be input to the detailing program and 
the machine used merely to ease the workload on the detailer and 
draughtsman. 
4.3 THE DISTRIBUTION OF REINFORCEMENT THROUGH INDIVIDUAL MEMBERS 
The distribution of this reinforcement is rather more complex as 
no hard and fast rules exist. Spacing and bond requirements can usually 
be dealt with in a straightforward way and for the simplest elements 
such as column bases and pile caps a simple distribution routine may 
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he all that is required. For the more complex types of element, 
however, it may be necessary to work to one of a restricted number of 
standard arrangements selected either within the program or by the 
designer in his input data. 
The selection of the arrangements to be programmed is one of 
the most important factors in obtaining economic details. The 
range should be sufficiently flexible to permit economic steel 
arrangements to he selected by its use for all conditions of loading 
and member size. For the maximum advantage to be gained in the 
production of bar schedules, bar shapes should be restricted to the 
standard patterns in BS 4466. 
With some types of member, for example beams and columns, the 
steel arrangements depend to a large extent on the methods adopted 
for preventing interference at intersections. This problem is 
discussed generally in section 4.4 and in more detail in section/0, 
and discussion of possible reinforcement patterns in these members 
is therefore left until section!O. 
Once again, distribution routines have been automated by a 
number of concerns for a variety of members and, while the routines 
may be more complex than for the calculation of reinforcement areas, 
no major problems are expected. 
Possible economies of reinforcement may he possible within 
certain members, due to the ability of the computer to try a variety 
of arrangements, choosing the cheapest, Care must be taken, however, 
that other factors such as fixing costs and the advantages of using 
the minimum possible number of bars are taken into account and that 
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details are not produced merely with minimum material costs in mind. 
4.4 THE PREVENTION OF INTERFERENCE BETWEEN MEMBERS 
The prevention of interference between the reinforcement in 
intersecting members can be comparatively difficult. No logical 
set of rules for avoiding this type of interference has previously 
been needed, problems being solved as they arose by the detailer, 
using a trial and error technique. 
Little has been published so far on this problem by organisations 
using automated methods of detailing. Most existing programs deal 
only with single members or one-dimensional strings of members, inter-
secting members being detailed by hand. With some types of intersection, 
for example between columns and bases or pile caps, interference can 
be dealt with fairly easily. With others, and particularly at inter-
sections between beams and columns, interference can be a serious 
problem. 
Two basically different ways of dealing with this were suggested 
in 'Communication from designer to site' (ref. 15, pages 40/41, 64/65). 
(a) by ensuring that the reinforcement patterns in all members are 
mutually compatible so that the bars in adjacent members necessarily 
fit together, 
(b) by using computer logic to ensure that no interference occurs 
between the reinforcement in adjacent members. 
Both of these techniques have their disadvantages, the main 
difficulty being that complex computer routines are required to match 
the flexibility of the detailer while, with the simpler techniques 
of (a), details as efficient as those produced manually may be difficult 
to obtain. 
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This problem of interference, representing, as it does, one of 
the biggest obstacles to the efficient use of automated detailing, is 
discussed in some detail in section~ ~,10 o.nd 11. 
4.5 REINFORCEMENT SCHEDULES AND LISTS OF QUANTITIES 
The preparation of bar schedules and lists of quantities is 
relatively straightforward and no problems are likely to be encountered. 
Bar schedules can be easily set out to the arrangements' laid down in 
BS 4466. While a number of concerns have modified this arrangement 
in one way or another to fit in with their methods of providing working 
information it would probably be appreciated by the bar bender if the 
copy sent to him were strictly in accordance with the standard. It 
would also be an advantage if the bar schedule information could be 
provided direct on punched cards or paper tape in cases where the 
supplier uses automated techniques for sorting the steel into sizes or 
for optimising cutting. 
One of the advantages of using automated methods is the way in 
which additional information such as the scheduling of reinforcement 
by diameter and shape or the production of concrete quantities by 
member and floor can be produced without extra effort by the detailer. 
4.6 WORKING INFORMATION 
The main difficulty in producing working information by computer 
is that, traditionally, a mixture of pictorial and alpha-numeric 
information is required. A variety of techniques have been developed 
by a number of firms, using different types of output devices, none 
of which are compatible with one another. While these techniques have 
been used successfully in practice it is considered that a careful 
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study of the advantages and disadvantages of each is required and 
that a standard method should be adopted. 
Because of the complexity of the problem it is dealt with in 
detail in section 5 overleaf. 
18. 
5. THE PRODUCTION AND PRESENTATION OF WORKING INFORMATION 
5.1 POSSIBLE METHODS OF APPROACH 
The final stage of the detailed design process, that of 
producing working information, is more difficult to automate than 
the earlier stages. This is chiefly· due to the fact that the traditional 
method of communication with the site, the working drawing, comprises a 
mixture of pictorial (usually to scale) and alpha-numeric information. 
While the output devices associated with the computer can produce 
information in character form both cheaply and quickly, the production 
of pictorial information is relatively slow and expensive. 
Four basic types of computer output device exist by which the 
information required by a site can be produced·. Two of these, the 
visual display unit and the digital plotter can produce a mixture of 
pictures and text while the other two, the line printer and the serial 
printer are only capable of producing alpha-numeric information. These 
devices are briefly described in Appendix Ill. 
The various techniques that can be adopted with each of these 
devices are described below. Examples of the information produced by 
some of the methods already implemented can be found in Appendix II. 
5.1.1 The Visual display unit 
No practical examples are known of the use of this device in 
the field of structural detailing (as distinct from structural design) 
although, before economic cutbacks were made early in 1971, work was 
being undertaken by a major chemical company on the use of these 
devices in the somewhat similar field of process plant design. 
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These devices require comparatively complicated programming 
techniques and have the disadvantages of both being expensive and 
requiring large amounts of computer storage. In addition problems 
exist due to the restricted screen size and the problems associated 
with making acceptable copies cheaply. While recent developments 
have reduced both the cost of these devices and the computer storage 
required and further reductions in price may well occur, it is 
considered doubtful whether their use will become economic for the 
production of detail drawings, at least in the forseeable future. 
Other applications may exist in structural design, however, 
especially at the initial design stage where the advantages of what 
is essentially an interactive device become more important. 
5.1.2 The digital plotter 
This type of device has been used by a number of organisations 
for the production of working drawings for a variety of reinforced 
concrete elements. The quality of the output produced is, generally, 
extremely good and results similar in appearance to the traditional 
working drawing can be obtained. Graphical and alpha-numeric 
information can be produced concurrently and the use of the plotter 
therefore does not suffer from some of the organisational problems 
involved with certain of the alternative techniques. 
The use of the plotter is, however, relatively expensive due to 
a number of factors. Firstly there is the capital cost of the device 
itself, a cost of about £8000 for a 750 mm drum plotter and a magnetic 
tape drive being quoted by one user (ref. 17) which, when added to the 
cost of the necessary computer facilities would put the direct use of 
such a system beyond the reach of most design organisations. In 
addition software production costs are high while the operating speeds 
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of the device are comparatively slow. The device has the advantage, 
however of being able to produce true to scale drawings and is 
therefore an essential piece of equipment where the production of 
general arrangement drawings or the plotting of surveys and highway 
alignments are to be automated. 
5.1. 3 The line printer/serial printer 
Because of the cost and complication of producing drawings by 
the use of digital plotters, despite the excellent results obtainable, 
much of the work so far carried out by various organisations has 
been concentrated on the use of the line printer. This type of device 
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has the advantages of speed, ease of programming and availability 
as standard output hardware. Its main disadvantage is that its 
use would appear likely to involve either a reduction in the quality 
of the results produced, compared with the use of the traditional 
working drawing, or a completely different approach to the transfer 
of information between design office and site. 
The techniques possible with these devices can be divided into 
three main groups, using the printer: 
(i) to simulate the working drawing by producing 'drawings' built 
up of printed characters 
(ii) to replace the traditional drawing with schedules of information, 
possibly read in conjunction with a series of standard sketches 
(iii) to complete the information required on a pre-printed 'standard' 
drawing. 
Most of these techniques can also be applied using serial 
printers, provided that an adequate line length is available, although 
the speed of output is slow compared with that of the line printer. 
For this reason the term 'printer' is used in the succeeding pages to 
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denote both types of device. 
5.1.3.1 The use of printers to simulate the working drawing. Attempts 
have been made to combine the advantages of the concurrent production 
of drawing and labelling with the cheapness and availability of the 
line printer. Programs have been developed using the printer to produce 
a form of drawing either of individual members or merely of reinforcement 
patterns. These 'drawings' have been built up using more or less the 
generally available set of characters by, for example, producing 
horizontal lines from sets of hyphens and showing reinforcement by means 
of symbols such as asterisks. Representation of members such as beams 
and columns have been built up in this way and the 'drawings' used 
successfully on site. 
However, while having the advantages of speed and cheapness the 
technique does suffer from a number of disadvantages. The results have 
a diagrammatic appearance and, although the 'drawings' produced for 
relatively simple elements are fairly easy to understand, problems of 
clarity could well arise with more complex members. Special characters 
may be required to bring individual machine's character sets up to the 
standard required for even simple members while the production of 
complicated member drawings is likely to prove extremely difficult. 
Problems are likely to arise due to the effects of poorly maintained 
and irregular printing units being much more apparent than with other 
techniques using printers. Finally, extremely complex output routines 
are needed requiring much programming effort and computer storage. 
5.1.3.2 The use of printers to replace the working drawing. Because 
of the problems involved in extending the application of automation 
economically to the production of drawings, techniques have been developed 
with the intention of replacing the working drawing. 
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Using these techniques, information is output in a tabular form 
so as to specify the positions of individual reinforcing bars and to 
permit the assembly of the reinforcement. These schedules are read 
in accordance with one or more of a small number of pre-printed, 
standardized 'fixing drawings' showing possible reinforcement arrange-
ments for a family of similar members. 
These drawings vary in form with the system devised. At one 
extreme a range of six drawings is used to cover all the possible 
steel arrangements for continuous beams. ·With this system one drawing 
deals with internal spans, pairs of drawings deal with left and right 
hand end spans and cantilevers while the final drawing is provided 
for single span beams. The other main system currently in use provides 
a larger range of drawings, permitting a closer correspondence between 
drawing and schedule. 
This technique has the disadvantage that the increase in drawing 
office efficiency due to automation is partly offset by an increase 
in the amount of work required on site. Since the steel fixer must 
correlate the information on the schedule and drawing, the possibility 
of error on site would appear to be increased, especially as the use 
of the technique is extended to a greater variety of complex elements. 
This possibility of error would also appear to be greater in cases 
where only the minimum number of drawings is used as the fixer has no 
simple way of checking from· the drawing exactly what is required and 
what is not. Problems also arise with the amendment by hand of any 
of the details produced and with the lack of compatibility between 
this method of presenting working information and that used traditionally. 
Against this, it is claimed by the advocates of the technique 
that its use is readily assimilated by the steel fixer and that site 
efficiency is increased. It is further claimed by the originators of 
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one technique that their system could be used without drawings and 
that those provided are really only required for the use of the 
checking authority. 
The technique has the advantage of requiring comparatively 
simple programming. In addition, while supplies of the standard 
drawings used must be kept, only a relatively small number are 
required compared with some techniques and few organisational problems 
are likely to be encountered. 
5.1.3.3 The use of printers to complete or supplement the working 
drawing. The third general approach to the use of the printer involves 
the use of a large range of non-scale pre-printed drawings, each showing 
one particular configuration of member outlines and reinforcement. These 
drawings can then be completed by the addition of textual information in 
one of a variety of ways. The following description of this technique 
is therefore broken into two parts, the production of the drawings and 
their completion by the addition of the required textual information. 
This technique requires a much larger range of pre-printed 
drawings than that described in the previous section as· different 
drawings must be available for each of the possible variations of 
reinforcement arrangement. While for some simple forms of member 
such as pile caps and staircases an adequate range of drawings can be 
produced, this method would become cumbersome for most types of member. 
For complex members such as beams, many hundreds of drawings, if not 
thousands, would be required, making the direct application of the 
method impractical. 
A method was developed, however, by G.K.N. Reinforcements Ltd., 
of building up drawings for beams as required. Translucent drawings 
were produced of a number of beam elevations and sections and these 
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are assembled as needed by attaching them to a translucent backing 
sheet. The required drawing is then produced by passing this composite 
representation, together with a light sensitive translucent material 
through a dyeline copying machine to produce the final composite 
picture. The technique as developed by that organisation however 
suffers from the restriction that the various parts of the final drawing 
do not overlap each other when arranged for copying since problems were 
met in obtaining an adequate line quality through more than one thickness 
of film plus a backing sheet. This method of producing drawings will 
subsequently be referred to as the 'overlay technique'. 
The simplest method of completing the drawing is the transfer of 
the textual information by hand from either computer output or manual 
calculations. One of the advantages of producing working information 
using this technique is the way in which the use of this type of 
drawing can save a great deal of labour even when used with a semi-
automated, or even manual, method of detailing. However, while this 
is relatively simple and straightforward, the possibility of errors 
is introduced during the transfer and an unnecessary manual stage, 
requiring careful checking, is added to the process. 
Another method, having the advantage from the point of view of 
the design office of being easy to implement, is that of producing 
the information in a tabular form with each item coded to correspond 
with data or dimensions coded similarly on the drawing. This schedule 
of information can then be attached to the drawing or used in con-
junction with it. This method therefore is similar to that discussed 
in the previous section except that drawings more closely resembling 
the particular member concerned would be used. It therefore suffers 
from the same disadvantage of requiring extra effort on site and 
involves some increased possibility of error compared with having the 
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-information in its appropriate place on the drawing. It would be 
expected, however, that these disadvantages would be less severe 
than where tabulated information is used with drawings covering a 
family of elements. 
A further method is that of producing drawings which are spaced 
so as to be compatible with the line and character spacing of the 
printer and then adding the descriptive information to the drawing 
where required, using the printer. This technique has the great 
advantage of producing drawings resembling the traditional working 
drawing in all its important aspects with the exception of not 
being to scale. 
Owing to the need to space the drawing about the output from 
the printer, the drawings required need to be larger and the programming 
rather more complex than with the technique described in the previous 
section. Otherwise the technique is relatively straightforward, 
provided the linework can be accurately aligned with the alpha-numeric 
information. 
Problems arise in using the line printer, as distinct from the 
serial printer, directly in this application since it is essentially 
a large volume, rapid output device using continuous stationery. In 
certain circumstances involving only a small number of drawings it 
would be possible to have the different drawings pre-printed on 
. successive sheets, the program skipping to the next copy of the 
required drawing, the intervening drawings being scrapped. This 
method would not be suitable for most types of element because of the 
range of drawings required. A large usage would be needed to offset 
the printing costs and long runs would be required using each set of 
paper to minimise the time wasted in changing from one set of drawings 
26. 
to another. 
Serial printers, on the other hand, are much more suited to 
this application. Although the smaller, and the most common, type 
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of machine has a restricted printing width and is designed to work 
with rolls of continuous stationery, larger devices exist with a 
greater line length and can deal with individual sheets of paper. 
With these, information can be added directly to the drawing. This 
type of device is frequently used both as a terminal to a large 
computer or as the direct output for a small machine as described 
in section 1'2.. 
An alternative method of using either type of printer would be 
to list the information in the appropriate positions on blank 
translucent paper and then to combine this information with the 
drawing itself using some kind of copying .. process. 
One further method that has been suggested would use the 
printer to produce the various items of information required for 
addition to the drawing on self adhesive labels of the type used 
for addressing letters and parcels and then positioning these on 
the drawing. This method, while relatively easy to implement would 
however, appear to be almost as laborious as completing drawings by 
hand and even more liable to error. 
Generally, the use of the printer to complete the working 
drawing has the advantages of being cheap; relatively easy to program 
and compatible with traditional methods even to the extent that the 
drawings would be suitable for use in design offices lacking computer 
aids. 
Its disadvantages lie mostly in the degree of office organisation 
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required for the storage and assembly of the drawings. The use of 
non scale drawings also involves a departure from traditional practice 
but the type of drawing in use with the technique, being accurate in 
all other respects, would appear much less likely to cause confusion 
than those used with other applications of the printer. 
5.2 WORK DONE BY INDUSTRY 
While the techniques developed by a number of organisations are 
described in Appendix I, this section considers how their methods of 
presenting working information correspond with the techniques described 
in section 5.1. 
Of the organisations using plotters for structural detailing, 
three, W.S. Atkins and Partners, Engineering Solutions Ltd., and 
Building Computer Services Ltd., have developed, or are developing, 
systems for particular building members, dealing with reinforced concrete 
columns, beams and slabs respectively. In the first case the plotter-
produced drawings act as both concrete outline and reinforcement 
drawings while with the latter they act merely as reinforcement drawings 
with the member outlines drawn to scale. In addition, work has been 
carried out by a number of concerns on the use of the plotter for the 
production of general arrangement drawings. 
An example of a drawing produced using a digital plotter is shown 
as Figure 1 in Appendix II. 
Printers have been used to simulate the working drawing by two 
organisations. One of these, the Computer Consortium, a partnership 
of three firms of consulting engineers and two reinforcement suppliers, 
has developed a range of comparatively sophisticated routines for a 
number of elements, the 'drawings' produced replacing the traditional 
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reinforcement drawing. Rather more simple line printer sketches of 
beam reinforcement arrangements are used by Building Computer 
Services Ltd. for the same purpose. 
Examples of information produced in this way, together with 
an associated bar schedule are shown as Figures 2 to 4 of Appendix II. 
A number of organisations have developed techniques using 
printers to replace the working drawing. In each case pre-printed 
fixing drawings are provided for use with the line printer output, 
the extent to which information occurs on the drawing and the output 
depending on the system. At one extreme, as mentioned earlier, a 
system developed by W.V. Zinn and Associates, uses a range of only 
six drawings to deal with all the combinations of beam reinforcement 
produced by the system. Other organisations use a rather larger 
range of drawings, examples being the system developed by Kenchington, 
Little and Partners and the programs used by Building Computer 
Services Ltd. for columns, bases and walls. 
Examples of information produced using printers to replace 
the working drawing are shown in Figures 5 to 12 of Appendix II. 
As far as is known, only one organisation, G.K.N. Reinforcements 
Ltd., has attempted to complete drawings directly using a printer 
and for a number of reasons this work never passed 'the development 
stage. The intention was to produce the required information on 
punched paper tape as output from a large computer and to add this 
information to the drawing using a tape controlled typewriter. 
This organisation has, however, used pre-printed drawings, 
produced both individually and by using an overlay technique, in 
its design office using information produced by manual calculation 
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and by the use of desk-top computers. In addition, drawings of this 
type were used with a program developed jointly with Loughborough 
University of Technology, the information being transferred by hand 
from the line-printer output. No techniques are known to have been 
produced by industry using the other methods discussed in section 
5.1.3.3. 
Examples of these drawings and the relevant output produced 
by the program mentioned above are shown in Figures 13 to 16 of 
Appendix II. 
Most organisations have used only one technique for all the 
members for which they have produced automated methods of detailing. 
One major exception exists, however, where Building Computer Services 
Ltd., as noted above, use a number of different techniques for 
different types of element using programs originally developed by 
Brun and Jallut, Consulting Engineers of Marseille, and since 
modified for use in the United Kingdom. While the wisdom of 
providing the site with information in a variety of forms may be 
questioned it is claimed by Building Computer Services that 'while 
it may appear that this results in a variety of different methods 
the basic system remains constant, the variation in presentation 
applying only where that variation best suits the fixer'. (ref.l7). 
5. 3 THE REQUIREMENTS OF A SYSTEM FOR GENERAL USE 
Certain of the general requirements of an automated system, 
discussed in section 3.5, apply either particularly or to a great 
extent to the production of working information. These are that: 
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(i) the designer should be permitted as much freedom as possible 
in his design of structure, 
(ii) all information should be explicit and easy to find 
(iii) time and effort saved in the design office should not result 
in extra work on site and 
(iv) the output for different types of member should be produced in 
a consistent way and should not differ too greatly from that produced 
traditionally. 
Within these broad rules a number of aspects of the production 
of working information must be considered. 
The first question to be dealt with is that of deciding what 
details are to be provided. Whatever device or technique is used 
to produce working information, the range of possible arrangements 
of reinforcement must be decided. The choice of these arrangements 
is one of the most important aspects of any attempt at automation 
and is discussed in section 6. These arrangements will subsequently 
be referred to as 'standard details', the standards being the whole 
range of possible reinforcement arrangements and not the dimensions 
either of the members or their reinforcement. 
The next question is whether or not the drawings produced 
should be to scale, While there are advantages of having information 
in scale form, it is not considered essential that drawings should 
be produced in this way provided the drawing shows the various aspects 
of the member clearly and is of generally the correct proportions. 
For example, square members should be shown as square, rectangular 
members should appear rectangular (and the right way round) and 
grossly elongated members should be shown to be so. Provided this 
is done, realistic drawings will result with advantages both for 
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office and site. The main problem of producing scale drawings is 
one of cost, both in terms of equipment and software. If these could 
be surmounted, the use of plotters or other scale techniques would 
have certain advantages but, at least for the forseeable future, the 
economic advantages of non-scale techniques are likely to be more 
iroportant,particularly for a system intended for use by small as well 
as large design organisations. 
Similar criteria apply to the presentation of reinforcement 
details on the drawing. While certain shorthand conventions are 
permitted by the Standard Method of Detailing which should be 
acceptable in any system of automated detailing, it is important 
that the reinforcement shown on a drawing should look like that 
actually to be provided in the member. As an example, the number 
of bars shown in a beam cross section should agree both in number 
of layers and numbers of bars in each layer, while the stirrup 
arrangement shown should also be correct. Similarly, with elevations, 
hooks and bobs should be shown, together with bar cut-off points 
which should also be dimensioned from some appropriQre datum. In 
addition, for continuity between members detailed separately, it 
is essential that starter bars be shown where applicable. 
The next matter requiring attention is the way in which the 
information should be presented. It is considered that the various 
aspects making up a drawing of any member should be provided on the 
same document,rather than supplied separately1 in order to facilitate 
checking and use and to minimise the possibility of confusion and 
error. For the same reasons, the textual information required should 
also be included on the completed drawing, rather than provided on 
a separate sheet.· Next the form in which the written information is 
provided must be considered. New forms of communication have been 
devised by organisations using the printer to replace the working 
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drawing and have been successfully implemented for a variety of 
elements. It is considered, however, that to a large extent these 
were devised so as to avoid the difficulties involved in developing 
a system similar to that used traditionally, without the expense and 
complication of using plotters, rather than for any intrinsic 
advantages they might be claimed to have. As mentioned earlier, 
problems arise with the use of information in tabular form, both 
because of the difficulties of amending the details produced, if 
necessary, and because of the lack of compatability with manually 
produced details within the same structure. 
It is suggested that the best way of ensuring compatability 
between manually produced details and those producea automatically 
is to adopt the recommendations of the Standard Method of Detailing 
for both. Where the Standard Method is adopted the appearance of 
all the drawings produced will be similar, details produced by 
computer having a similar appearance to those produce~ by hand except 
that textual information will be printed rather than hand drawn. 
In this connection it is worth noting that the 'Standard 
Method' (ref.3, page 25) while accepting the use of methods of 
detailing involving schedules of information rather than drawings, 
recommends 'that such scheduling be restricted to larger jobs with 
a repetitive pattern or to continuation work with the same contractor'. 
Because the members dealt with by an automated system are 
generally straightforward in outline it has generally been the 
practice to dispense with outline drawings. Member outlines and 
sizes are then either shown on the detail drawing or taken from the 
general arrangement drawing. While the general arrangement drawing 
will generally be adequate it is an advantage to have outlines and 
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dimensions shown on the drawing to facilitate fixing and to provide 
additional data for members not completely defined on the general 
arrangement. This also has the advantage of enabling fixing dimensions 
to be referred to a shutter surface rather than the centre line of an 
intersection as may be necessary with techniques. where member outlines 
are not shown. 
While a standard detail will frequently describe an element 
exactly, there will be a large number of occasions when a drawing 
similar to a standard will be required, for example in the case of 
an otherwise standard beam having a nib. Rather than having to 
produce this detail by hand, it would be an advantage if the standard 
could be amended manually. The materials used should therefore be 
such as to allow erasures and additions. 
The final matter requiring attention is the size of the finished 
drawing. While traditionally drawings of separate members have been 
assembled on large sheets of paper, there has been an increasing 
tendency in recent years to show different elements on separate sheets 
of paper and the latter arrangement is much more convenient where 
details are to be produced automatically. Given an adequate indexing 
system this is also likely to be more convenient for the site since 
with the traditional system it is frequently necessary to have to 
search through various sheets for the required detail, the assembly 
having been done more for the convenience of the draughtsman than that 
of the site. 
While A4 size drawings (210 mm x 297 mm) would be adequate for 
most details used either with schedules of computer output or completed 
by hand, the addition of computer output spaced around the drawing 
is likely to lead to the need for larger drawings. A3 size drawings 
34 
(297 mm x 420 mm) would appear to be the most appropriate, the 
drawings being assembled and issued to site in a loose leaf folder. 
5.4 PRELIMINARY CONCLUSIONS 
Using the criteria of the previous section it was possible 
for the writer, at a relatively early stage of the work described 
in this thesis, to suggest a system for future general use even 
though at that time none of the techniques developed in industry 
fulfilled all the necessary requirements. 
Firstly the use of schedules of information to replace the 
working drawing was not considered acceptable, due to the separation 
of graphic and textual information involved, and the need for this 
information to be correlated on site. This left techniques producing 
drawings resembling the traditional working drawing. Of these the 
use of simulation techniques is not suitable due to the poor quality 
of the information produced and to its restricted range of use. 
The use of the plotter has a number of advantages in terms of the 
output produced, but suffers from problems of expense. In particular 
the general adoption of techniques using plotters would have the 
disadvantage of committing design organisations to the use of relatively 
expensive equipment, thereby reducing the advantages of automation 
to the smaller concern. Finally, at that time, no working system had 
been developed in industry for completing drawings using printers 
while, in addition, the only technique developed for the production of 
drawings from overlays suffered from a number of restrictions. 
It was considered, however, that the use of printers to 
complete the working drawing had the greatest potential as a 
system for general application particularly because of its suitability 
for all sizes of design organisation. In addition it had the advantage 
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that the drawings produced for use with the system should also be 
of use for those organisations electing not to use computers. For 
such a system to be practical, however, some technique of building 
up the thousands of drawings that would be required needed to be 
developed to remove the problems of both producing this number of 
drawings and filing them in the design office. 
appeared to provide a solution. 
The use of overlays 
To produce a workable system for a variety of types of member, 
however, the overlay technique needed to be considerably extended so 
that, 
(i). overlays could be superimposed rather than merely 
placed side by side, 
(ii) the drawings produced from these overlays would be 
consistently of a quality equal to that of a drawing 
produced manually, 
(iii) such drawings could be combined quickly and easily 
with computer output produced in a variety of ways 
and, in addition, could be capable of simple manual 
completion. 
Other, more detailed, requirements are given in section 8 of 
this thesis. 
Provided that these developments could be satifactorily carried 
out it was concluded that such a technique would provide the best 
basis for the development of a system suited for general use in the 
industry for the automated production of working information. At 
the same time it was considered that the use of such a system would 
not prevent further advances being made in the future. In particular 
the majority of the work to be undertaken in deciding on the information 
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to appear on the standard drawings should be equally valid with, 
for example, the production of plotter produced drawings if these 
become more generally economic. 
These conclusions were first reached during 1970 following a 
detailed study of existing and proposed methods of computer 
application. In the autumn of that year the report 'Communication 
from designer to site' (ref. 7) was published. by the Ministry of 
Public Building and Works (now part of the Department of the 
Environment) in which a similar survey was carried out. This report 
produced broadly similar conclusions and proposed the adoption by 
the industry of a comprehensive library of not-to-scale drawings 
which could then be completed either by adding the printed 
information as recommended above or by the addition of tabulated 
data to the drawing. Other aspects of this report are referred 
to in the appropriate sections of this thesis. 
Further work has since been undertaken on the development 
of the proposed system by the author and this is described in 
detail in section 8. 
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6. THE LUCID ORGANISATION 
Up to the end of 1969, ·work undertaken on the automated detailing 
of reinforced concrete had been carried out, more or less in isolation, 
by a small number of organisations in industry (and, to a lesser extent, 
in the universities). However, for the reasons set out in section 
3.3, this distribution of effort had a number of disadvantages. 
At that time Professor L.L. Jones, who had previously been 
involved in industry with some of the earlier moves towards automation, 
initiated the setting up of an organisation to approach the problems 
of automated detailing on a much broader front. This organisation 
was given the name of LUCID - ~oughborough £niversity ~omputerised 
Information and Qrawings and was intended to produce an economical 
and practical detailing system, on a co-operative basis, for use by a 
wide proportion of the industry's design organisations, It was 
intended that LUCID would be open to membership by consulting 
engineers, contractors, local authorities and other interested bodies 
on payment of an annual subscription of £100 for three or four years. 
In this way it was anticipated that the low basic cost per firm 
would encourage a. large membership, spreading the cost of producing 
the proposed system over a large part of the industry. 
Since it was intended that the greater part of the technical 
expertise required would come from the member organisations, only a 
relatively small revenue was required to cover staff and other costs. 
Other help, such as the use of university buildings and facilities 
and promised assistance from organisations such as the Cement and 
Concrete Association enabled the need for financial back}ng to be 
reduced to a minimum. Because of this assistance it was estimated 
that a membership of about 150, giving an annual cash income of 
£15,000, would be required, compared with an estimated annual 
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expenditure of about £50,000 had the project been organised in any 
other way. 
While a detailed description of LUCID and its method of operation 
would be out of place in this thesis, a brief description is being 
given because of the way in which much of the author's work has been 
of direct or indirect use to the organisation even before the 
publication of this thesis. 
As set up, LUCID has a small policy making body, the Steering 
Committee, guided by a Technical Advisory Committee chosen from a 
broad cross-section of the membership. There is also a small 
permanent technical staff at Loughborough. 
Before any work was carried out on the development of a range 
of standard details it was necessary to find a suitable technique 
for the presentation of working information since, for the reasons 
given in section 5, none of the systems then existing were 
considered suitable. At the time that the choice of technique 
was being considered (the spring of 1971), the author's work on the 
development of such a system, described in section 8 of this thesis, 
was being completed. This work was published as a Technical Report 
(ref. 19) which was submitted first 'to the organisation's Technical 
Advisory Committee and then distributed to member firms. Approval 
of the author's recommendations was received from both the Technical 
Advisory Committee and the organisation's membership and as a 
result the techniques developed by the author have been adopted by 
LUCID for the production of its working information. 
In addition, in order to ensure that any system produced 
could be applied flexibly by both large and small design organisations, 
an investigation was carried out by the author into the ways in which 
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different types of computer could be used. In particular a survey 
was undertaken of the types of computer suitable for use within 
the design office, this investigation and other supporting work 
being discussed in sections 7 and 12. 
Once a satisfactory technique for the production of working 
information had been achieved, work was started within LUCID on the 
development of the necessary range of standard details and this 
work is still continuing. The development of a series of standard 
details for each type of member under consideration is made the 
responsibility of a working party consisting of a small number of 
senior engineers from member organisations together with a member 
of the LUCID permanent staff. Recommendations from these working 
parties are then submitted to the Technical Advisory Committee 
for discussion,after which it is intended that the suggested 
standard details would be tried out in member's offices. The 
standards would then be amended; if necessary, to take into account 
any comments or criticism received. 
The first working party to be set up by LUCID was concerned 
with the detailing of beam and column intersections since it was 
considered that the arrangements to be used at these intersections 
required consideration before work could be undertaken on· the 
preparation of standard details for beams and columns. At that 
. time the author was studying the problems of reinforcement 
interference at intersections and as a result attended the meetings 
of that working party. Some of the working party's preliminary 
conclusions are described, together with the author's work on this 
and other types of intersection, in sections 9 to 11 of this thesis. 
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Once acceptable standard details have been obtained, work 
should commence on the development of the associated computer 
programs for use with these details. The actual procedure has not 
yet been finally decided pending the carrying out of a feasibility 
study intended to extend the work described in section 12. It 
would seem likely, however, that both the engineering aspects of 
this work and the necessary programming would be dealt with by 
the permanent staff at Loughborough. 
This programme of development was adopted for a number of 
reasons. It enables the future users of the system to be involved 
with its development rather than having a 'fait accompli' presented 
to them at some future date. It also means that to a large extent 
the industry will be creating its own standards rather than having 
them decided by an outside body. In any case, as mentioned 
earlier, it was only possible to set a low annual subscription 
on the expectation that a large proportion of the work would be 
performed with the assistance of member firms. 
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7, DEMONSTRATION COMPUTER. PROGRAMS 
7.1 COLUMN BASE DETAILING PROGRAM 
In order to demonstrate the application of small computers in 
reinforced concrete detailing and to investigate some of the problems 
of using a computer to complete pre-printed drawings by the addition 
of textual information, a program was written in mid-1970 for an 
Olivetti 770 'AUDITRONIC' visible record computer loaned by British 
Olivetti Ltd. This program, in Auditronic machine code, was written 
jointly by the author and a member of the programming staff of 
British Olivetti and then greatly modified by the author. The 
program was then used for demonstrations at Loughborough and at a 
number of seminars elsewhere on automated detailing. 
Because it was desired chiefly to demonstrate the production 
of bar schedules and the completion of drawings, the simple example 
of an axially loaded column base and the associated column starter 
bars was chosen. Although the detailing of this member occupied 
the greater part of the program, a simple design routine was included 
at the start so as to provide a program that could be demonstrated 
easily. Some approximations were made in the design stage although 
the subsequent detailing was carried out rigorously. 
Since the program is restricted to axial loading and square 
columns only a small number of standard detail.drawings are required. 
Although at the time no work had been carried out by the author 
on the production of drawings from overlays, the program was written 
on the assumption that such a technique would eventually be used for 
the production of the necessary drawings. A series of drawings 
was therefore drawn up that could be produced from: 
(i) one base plan (all bases being square in plan and having uniformly 
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distributed reinforcement in two directions at right-angles), 
(ii) three base sections having different ratios of base length to 
depth, 
(iii)three column cross-sections having 4, 8 and 12 column starter 
bars respectively, together with the necessary links. 
The drawings were, however, initially drawn out in full and xerox 
copied as required. 
In order to produce these drawings, which had to be arranged 
so that information could subsequently added by computer, a number 
of rough arrangements were sketched out and a suitable layout chosen. 
This arrangement was then drawn out on a computer layout chart having 
a grid corresponding to the possible computer print positions and 
attempts were made to find positions for the necessary textual 
information. The process was then repeated on a trial and error 
basis until a suitable arrangement was found. 
This process of deciding on the detailed drawing arrangements 
to be used is one of the most important stages in the development of 
this method of producing working information. To a large extent the 
degree of complexity of the necessary computer output routines (and 
therefore the storage required) depends on the drawing arrangements 
used so that great care is needed in the choice of these arrangements. 
Few problems were, in fact, encountered in the preparation of 
drawings for use with the column base program due, to a large extent, 
to the relatively small number of drawing arrangements required 
although both the drawings and the program were amerided on a number 
of occasions. Much greater care was needed, however, with the 
column detailing program described in section 7.2. 
The column base drawings finally adopted were later used in the 
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development of the system of producing drawings from overlays described 
in section 8. Examples of completed drawings are shown as Figure 7.3 
and in section 8, in addition examples of the overlays finally 
produced are illustrated in that section. 
Two classes of data are input to the program: titling and numeric. 
Titling consists of three main blocks of alpha-numeric data, each of 
three lines, for the name of the design organisation, the job description 
and the drawing title, together with a member description for the bar 
schedule, job, drawing and schedule numbers and a . schedule revision 
letter, as recommended in the 'Standard method of detailing'. Numeric 
input comprises column size, axial loading, safe ground pressure and 
a multiplying factor for the bar schedule quantities. Fixed material 
properties are assumed. 
Execution of the program is divided into three main parts following 
the input of data. First the base geometry is calculated, after which ·--
the base and starter reinforcement are designed and detailed. A 
message to the operator specifying the base section and column 
cross-section overlays required is output to the operator as soon 
as these are decided, the individual overlays being identified by a 
numeric code, so that the operator can prepare the appropriate composite 
drawing. Meanwhile, a bar schedule to BS 4466 is produced. Execution 
of the program then stops until a composite drawing prepared from 
the appropriate overlays is inserted into the machine and aligned by 
the operator. The drawing is then completed and titled, the finished 
drawing conforming with the recommendations of the 'Standard method 
of detailing reinforced concrete'. 
In addition to being used for the demonstrations and seminars 
described earlier, the program was used for the development of the 
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technique for completing drawings by the direct addition of printed 
information described in section 8. A similar program was also 
written in FORTRAN by the author for the University's !CL 1905 (now 
1904 A) computer, the output from which was used in the development 
of the technique for completing drawings by the indirect addition of 
information, also described in that section. 
Examples of the calculation results and bar schedules produced 
by this latter program are reproduced as Figures 7.1 and 7.2 while 
an example of the layout of the textual part of the working information 
is shown as Figure 8.9. Figure 7.3 shows an example of a completed 
drawing produced using the Auditronic program. 
Reproduction of the machine code or FORTRAN listings of these 
programs or the additional programs described in section 7.2. would 
be out of place in a thesis such as this. However, as described in 
section 12.2.2, an early version of the column base program was 
documented by the author in a technical report for use in a survey 
of small computers. This report, containing flow charts, output 
layout charts etc., is included in the thesis as Appendix IV. 
7.2 COLUMN DETAILING PROGRAM 
Because of the nature of the column base program, and particularly 
because of the simple layout of the alpha-numeric information required 
to complete the drawing, a second, more complex, program was produced by 
the author for the !CL 1904 A computer. This program was written in 
FORTRAN to detail single storey columns and a range of column overlay 
drawings was produced. Two types of column elevation are used, one for 
intermediate and one for top storey columns. In addition fifteen 
column cross-sections were produced for square, slightly rectangular 
and grossly rectangular columns. Reinforcement patterns of four, eight 
and televe bars, distributed uniformly, are permitted. 
Alpha-numeric input (titling etc.) is similar to that used with 
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the column base program, it being considered that this amount of 
information is suitable for most practical applications. 
Data input falls into two main groups; column geometry and 
material requirements. The former comprises the clear height of 
the column and its cross-sectional dimensions together with the 
depth of the beam supported by the column and the column's position 
in the building (bottom, intermediate or top). The material requirements 
consist of the main steel type, (mild steel links being detailed 
automatically), the required steel area, the 28 day concrete cube strength, 
the cover to the main reinforcement and (for all columns but the lowest) 
the main steel diameter in the column below. Finally a multiplying 
factor is provided for the bar schedule and list of quantities. 
Output consists of a list of the data followed by a brief 
description of the calculated main and link steel arrangements. Next 
a bar schedule to BS 4466 is produced followed by a list of concrete, 
reinforcement and shuttering quantities. Finally the necessary alpha-
numeric data to complete the specified drawing is output. 
Because of\.the greater variety of possible completed drawings, 
the output routine is considerably more complex than that for the 
column base program and resembles much more closely the type of 
routine likely to be required for practical programs. 
Examples of the output from this program are shown as Figures 
7.4 to 7.6 of this thesis. A program was also written for the Olivetti 
'Auditronic' to allow its use for the completion of column drawings and 
an example of this program's output is shown as Figure 7. 7. 
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8. THE DEVELOPMENT OF· THE PROPOSED METHOD 
OF PRODUCING WORKING INFORMATION 
8.1 GENERAL REQUIREMENTS 
The development of a flexible system for general use can be 
divided into two main parts. As explained in section 5, an adequate 
range of standard drawings can only be built up by the use of some 
form of overlay technique. It was therefore necessary, first of all, 
to find a method by which drawings of a sufficient quality could be 
built up from a series of overlays, subject to the following 
requirements: 
(i) The overlays used should be cheap, durable and easy to produce 
in quantity. 
(ii) The method to be developed should permit overlays to be super-
imposed rather than merely used side by side on a backing sheet. 
(iii)The copying process used should be quick and easy to use and 
should produce drawings of a consistently good quality. 
(iv) The copying process should be cheap enough for routine drawing 
office use. 
(v) The composite drawings produced should be durable and capable 
of easy amendment and alteration. 
(vi) Accurate registration of the overlays used should be consistently 
achievable. 
(vii)The materials on which the composite drawings are produced 
should be dimensionally stable. 
While requirements (vi) and· (vii) may not be generally as 
important where the drawings are to be completed by hand, the normal 
computer print spacings of 10 and 6 characters to the inch, horizontally 
and vertically, leave little tolerance for errors in alignment where 
the drawings are to be combined with computer produced information. 
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It was then necessary to develop techniques by which textual 
information could be added to the composite drawings both by hand 
and by using the various types of computer printing device. 
Two basic methods of adding working information using printing 
devices were envisaged: 
(i) where serial printers with facilities for dealing with discrete 
pieces of stationery are used, the drawing would be inserted into 
the printer and the information added directly. 
(ii) where line printers or serial printers using only contin110us 
stationery are used the printed information would have to be produced 
separately on plain paper and subsequently combined with the drawing• 
In all cases, however, the following requirements would need 
to be fulfilled: 
(i) The material used for the drawings should be suitable for the 
addition of information in both ink and pencil. 
(ii) Accurate registration of drawing and printing should be 
consistently achievable 
(iii)The processes should be cheap and easy to use 
(iv) The combined drawing should be durable and capable of easy 
amendment. 
(v) Prints should be easily obtainable from the finished drawing 
and should be at least as durable as those used traditionally. 
8.2 COPYING PROCESSES FOR THE PRODUCTION OF DRAWINGS 
Because of the limitations of the overlay technique developed 
by G.K.N. Reinforcements Ltd. using dyeline copiers, it was decided 
initially to investigate other methods of producing drawings in the 
hope of finding a more flexible system permitting the use of more 
than two thicknesses of material. 
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8.2.1 Xerographic copying 
Tests were first carried out with a Rank Xerox 420 flat bed 
copier. Initial investigations were directed towards finding a 
transparent or translucent material upon which drawings could be 
built up from overlays using this type of copier, so that subsequent 
prints could be produced by dyeline as well as xerox machines because 
of the lower cost of prints produced by the former. Despite 
discussions with one of Rank Xerox's technical staff, however, this 
proved impossible to achieve consistently, the materials tried 
being seriously affected by the heat used in the copying process. 
Tests were then made on the production of drawings on ordinary paper 
from a series of translucent overlays. These again were not too 
successful, line work of a poor quality being produced, especially 
from the overlay furthest from the light source. More recent tests 
using transparent overlays with a Rank Xerox 720 copier have, however, 
produced the linework of a higher quality. 
A number of disadvantages remain. The process is responsive, 
to a large extent, to changes 0f intensity in the image being copied 
so that, where dark areas occur, only the edges of the area are really 
dark on the copy, the image fading towards the centre of the area. 
This occurs frequently with detail drawings of reinforced concrete 
members, for example where bars are shown in cross-section. This 
effect is noticeable in Figure 8.13, this and other illustrations 
being grouped at the end of the section. In addition the material 
used for copying is affected dimensionally by the heat of the copying 
process with possible subsequent difficulties in aligning the drawing 
with printed information while print sizes are generally restricted 
to about 10 inches by 15 inches (254 by 381 mm). These problems 
together with the sensitivity of the image to damp and wear, therefore 
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led to a search for a better technique. 
8.2.2 Photographic copying 
Tests were then carried out with a Dalcopy photocopier, loaned 
by the manufacturer's local agents. This device, being a true 
photographic copier, produced positive prints or transparencies 
via intermediate negatives. 
The results of these tests were not wholly satisfactory for a 
number of reasons. Firstly the production of both negatives and 
positives made the process relatively expensive and complicated. 
Extremely dense images were required for clear copying so that, 
although line-work could be reproduced, great difficulty was met in 
copying output, particularly when added directly to the film used 
for the composite drawing. Consequently the final prints had to 
be titled individually or a different type of copier used for 
reproducing the final drawing~. Problems were also caused by the 
light passing through several thicknesses of overlay being dispersed, 
causing blurring of the linework from the overlays nearest the 
light source (and therefore furthest from the sensitized material). 
Other disadvantages were that the materials used were sensitive 
to moisture so that curling of prints was a problem. Virtual 
darkroom conditions were required for the production of drawings 
and in addition the process was relatively messy and inconvenient 
to use. Similar results were obtained from a copier manufactured 
by Agfa Ltd. 
8. 2. 3 Dyeline copying 
As a result of the problems encountered with these methods it 
was decided to reconsider the use of the dyeline copying process. 
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In this process a translucent drawing is passed with a sheet. 
of light-sensitive material past a concentrated (generally ultra-
violet) light source, the coating on the sensitized material being 
neutralised by the light except where shielded by the dark areas 
of the drawing. The unaffected areas are then chemically dyed so 
that a positive copy of the original drawing is produced. The 
process therefore has the advantage over photographic copying of 
not requiring an intermediate negative stage. 
With the assistance of Admel International Ltd. and GAF 
(Great Britain) Ltd. a series of tests were carried out, first 
at Admel's Loughborough depot and then at the university using a 
copier in the Manufacturing Technology Centre. It was soon found 
that, provided an adequate light source was used, prints of a 
reasonable quality could be obtained from three or four thicknesses 
of overlaid translucent film as long as all the overlays used 
were of the same size so that light had to pass through an equal 
thickness of film over the whole area of the drawing. 
In order to check the quality of the results more objectively 
a test diagram was built up of lines of various thicknesses, drawn 
both singly and in parallel, closely spaced pairs together with 
areas of stipple and solid tone. This diagram, covering one quarter 
of an A4 size sheet of tracing paper was then copied, using a 
dyeline copier, onto four sheets of light sensitive clear film, an 
example of the drawing produced being shown as Figure 8.1. 
These were then used as overlays, arranged so that a complete 
picture covering the whole area of an A4 sheet was built up, and 
passed through the copier with a number of different types of 
'transluscent light sensitive material to produce composite drawings. 
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While some loss of quality was noticeable it was considered that all 
the results were satisfactory. 
The three basic classes of sensitised transluscent material; 
treated tracing paper, lacquered paper and polyester film, were used 
for the production of composite drawings, both gloss and matt finish 
polyester films being tried. Paper prints were then obtained from 
these using normal dyeline print paper and the results compared. 
It was found that the prints produced from the treated tracing paper 
(the cheapest material, costing less than Zp for an A4 size sheet) 
were of a poorer quality than those produced from the other materials, 
a greater loss of definition occuring. Of the other materials the 
lacquered paper (costing about 2.2p for an A4 sheet) was much cheaper 
than the polyester film (4.8p per sheet for 50 micron film) but 
was much more susceptible to damage. Erasure (by scratching) was 
simply achieved with all the materials tests, although once again 
the polyester film's resistance to wear was an advantage in reducing 
possible damage. 
Different thic*nesses of material were tested and no advantages 
were found from the use of thicker sheets to offset their greater 
cost, the prices given above referring to the thinnest variety of 
each material tested. 
8. 3 REGISTRATION 
Having found a satisfactory process for the production of 
composite drawings it was necessary to ensure that an adequate degree 
of registration between the overlays could be achieved. Two separate 
problems were involved here. Firstly, with the great majority of 
dyeline copiers, the overlays, together with the light sensitive 
material, are carried by moving belts around a glass cylinder 
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containing the light source. It was therefore necessary to ensure 
that the overlays remained in the same positions relative to each 
other and to the sensitive material during the copying process. It 
was claimed by the manufacturers' staff that electrostatic attraction 
between the separate sheets would ensure this, but, while this 
appeared reasonably true, it was felt that some of the loss of clarity 
from the outermo~t overlays might be due to relative movement. 
Secondly, it was necessary to develop a technique that would permit 
the overlays to be accurately aligned before copying. 
The first problem, that of preventing movement, was solved 
by enclosing both overlays and light sensitive material in a cover 
made from folded transparent polyester film. This was then passed 
through the copier, folded edge first, and it was found that all 
traces of relative movement, such as slight blurring of linework, 
were removed and even better composite drawings resulted. 
A technique was then developed to ensure accurate drawing 
alignment using a metal jig produced in the workshops of the Civil 
Engineering Department. This jig, illustrated in Figure 8.2, was 
'T' shaped in plan and was fitted with four accurately shaped and 
positioned metal studs over which the overlays, light sensitive 
film and polyester cover, punched with the appropriate holes, 
could be aligned, the stud diameter being fractionally smaller 
than the diameter of the holes which were produced using an ordinary 
paper punch. Tests were first made using all four studs but it soon 
became apparent that the use of three studs, in line, was sufficient 
to provide accurate alignment while the additional use of the fourth 
stud caused difficulties both in positioning materials on, and in 
removing them from, the jig. 
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The recommended technique for the production of composite drawings 
is therefore that of using such a jig, having studs arranged in line, 
together with pre-punched overlays, covers and light sensitive material. 
The back sheet of the cover is positioned on the jig after which the 
overlays and the light sensitive material are added and the top edge 
of the cover folded over. The assembly is then removed from the jig 
and run, folded edge first, through the copier. The technique is 
quick and simple to use and consistently produces results of an 
excellent quality. 
8.4 OVERLAY MANUFACTURE 
Having completed these tests a range of column base overlays 
were hand drawn on polyester film and used for some time to demonstrate 
the production of composite drawings. While further copies of these 
overlays could be produced on transluscent materials by dyeline copying 
it was considered that a different,mass production, technique was 
required for the production of the large numbers of overlays that 
would be required if the technique was to be generally adopted. 
Enquiries were therefore made regarding the printing of the overlays 
onto a transparent material. Although estimates were obtained from 
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a number of organisations, discussions were being held at that time 
with the Azoflex division of Nig Mason Ltd. regarding copying machines 
and they agreed to undertake the experimental production of the overlays. 
Two alternative methods were considered, litho-printing and 
silk-screen printing. While the former process, for which reuseable 
printing plates are produced, might prove cheaper for the production 
of overlays once final drawing arrangements are decided, the setting-
up costs of the silk-screen process are much lower and Nig Mason elected 
to produce the experimental copies using the latter process. Examples 
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of the overlays they produced are shown as Figures 8. 3, 8. 4 and 8.5 
while a composite drawing on transluscent polyester film produced 
from these three overlays is shown as Figure 8.6. 
These overlays were produced on a 50 micron polyester film, 
the same material beirig used for the covers. Initially it was 
thought that a thicker film (76 microns), although more expensive, 
might be better in practice as, when produced, the film carries quite 
a heavy electrostatic charge causing the sheets to stick together 
and it was felt that a heavier film would be easier to handle. 
In addition doubts were felt about the strength of the thinner film 
especially where the holes fit over the studs on the jig. It was 
found, however, that the excessive attraction between the sheets 
was soon lost in use, while the set of overlays first experimented 
with is still in constant use at the time of writing showing little 
sign of wear. It is considered therefore that the use of"the thinner 
film is practicable. 
8.5 THE ADDITION OF TEXT TO DRAWINGS 
As stated at the beginning of the section, a variety of techniques 
were required for the addition of text to drawings, both manually 
and by the different types of computer print device. Tests were 
first carried out on the simplest (hand completion and direct 
completion using serial printers) and then extended to the use of 
other possible methods. 
8.5.1 Hand completion 
Information was added by hand, using both pencil and Indian 
ink, to composite drawings produced on the materials described in 
section 8. 2. 3. No difficulties were found with treated tracing paper 
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or matt surfaced polyester film both of which could be written on 
easily in both pencil and ink, producing images which reproduced 
well. Problems were met, however, in adding information to 
lacquered paper with both pencil and ink, while the gloss surfaced 
polyester films could not be written on in pencil. 
8.5.2 Direct completion 
The suitability of these materials for the addition of information 
using a serial printer was then examined, composite drawings being 
inserted into the print unit of the 'Auditronic' visible record 
computer. Tests were first made using a normal typewriter ribbon 
and it was found that, with the majority of the materials tried for 
the production of the composite drawing, the ink was liable to 
smearing and smudging. The worst materials in this respect were 
the. glossy polyester films which were also very difficult to print 
upon. Lacquered paper was also very poor, being extremely liable 
to smudging even when the ink had dried, due to the lack of bond 
between the ink and the paper beneath. The matt surfaced polyester 
films suffered less but were still liable to smudging under light 
pressure while the ink was wet. The treated tracing papers were 
very much better, holding a clear image, but suffered, as mentioned 
before, from a lower standard of reproduction. 
It was then found that the stability of the printing on matt 
polyester film varied between different manufacturers' materials, 
much IIDre satisfactory results being obtained using materials 
manufacturered by GAF and Azoflex (Nig Mason) than with the (Admel) 
materials first tested. 
Once a typewriter ribbon had been in use for some time it was 
found that, while still producing an adequate image on ordinary 
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paper, the quality of prints taken from a drawing on polyester film 
fell off appreciably. A special photo-opaque ribbon was then 
obtained and tested and it was found that better results were 
obtainable using this and that smudging, which it had been thought 
would be worse with this type of ribbon, was still kept within 
reasonable limits. While, immediately after printing has taken 
place, the print is liable to damage by heavy pressure, it is 
resistant to the sort of wear likely to occur in a design office. 
Further, once the ink has dried the image is resistant to all but 
the heaviest pressure. 
The drawing shown in Figure 8.7 was produced on a 50 micron 
double matt surfaced polyester film using a photo-opaque ribbon 
and this is considered to be the best combination of materials 
for use within the system. While more expensive than treated tracing 
paper, the polyester film is much less liable to damage and produces 
better final copies. 
A print taken from this completed drawing is illustrated 
as Figure 8.8. This print was produced on ordinary dyeline paper 
as is used for the production of the majority of prints taken from 
manually produced working drawings. Prints produced in this way 
are therefore as durable as those produced traditionally. 
8.5. 3 Indirect addition 
It was then necessary to find methods by which a composite picture 
could be combined with information printed on separate sheets of 
transluscent or opaque paper. An example of information produced 
in this way on transluscent (or diazo) paper is given as Figure 8.9. 
The main disadvantage of completing drawings in this way is 
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that the final quality depends on the intensity of the printed image, 
requiring the output device and the printing ribbon to be in good 
condition. While these may be under the users' direct control, 
where a computer bureau is used they will not. In either case the 
organisation providing the computer facilities will need to know 
the importance of providing clear printed output. 
8.5.3.1. Computer output on transluscent paper. A number of alternative 
methods exist by which printed information on transluscent paper can 
be combined with drawings using a dyeline copier, and these are set 
out below: 
(i) The necessary overlays are passed through the copier with the 
computer output and light sensitive paper as many times as are 
required to produce the final prints. 
(ii) A composite drawing is produced and passed through the copier 
with the computer output and light sensitive paper as above. 
(iii) The overlays are used with the computer output and light 
sensitive film to produce a completed drawing from which prints can 
be taken as needed, 
(iv) A composite drawing can be used similarly with computer output 
and light sensitive film. 
Acceptable results can be obtained in all cases, with (iii) 
the best method for practical use. The first two methods have the 
disadvantage that no permanent 'master' copy is produced from which 
further prints can be taken using a dyeline machine. Of the other 
two techniques, (iv) has the disadvantage that two film copies must 
be made, thus increasing the system's running costs. In addition, 
using the materials tested, a rather better result was obtained using 
the silk-screen overlays than using a composite drawing on a more 
opaque film. This second advantage of using the overlays directly 
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would be lost if the composite were produced on a clear film but 
the cost advantage of using the overlays would still apply. With 
either (iii) or (iv), amendments and additions can easily be made 
to the completed drawing before prints are produced. 
Compared with direct completion, where accurate alignment of 
the composite drawing in the print unit will ensure registration 
of print and paper, a different alignment technique is required. 
If the overlays and the sensitive film and cover are set up on 
the jig, as for producing a composite drawing, and the computer 
output is trimmed so as to fit between the overlays and the film 
without fouling the studs, alignment can be easily achieved by moving 
the output until it corresponds with the overlays. Additional 
characters can also be printed in the output and aligned with 
marks on one or other of the overlays so as to ensure rapid 
registration. The cover, containing the various items can then 
be removed from the jig and passed through the copier in the usual 
way. 
Figure 8.10 is an example of a completed drawing on polyester 
film produced from three silk-screen overlays and the computer 
output on diazo paper given as Figure 8.9, while Figure 8.11 is a 
print taken from this completed drawing. While a slight brown 
colouring is noticeable on parts of Figure 8.10 the print taken 
from it is fully acceptable. The quality of the results would 
probably be improved by the use of a diazo paper thinner than that 
used for the tests. 
It was found during the tests that there was no difference 
in quality between prints taken directly from the diazo paper 
and prints produced from diazo paper plus overlays. No loss of 
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quality therefore occurs due to the use of the overlays, the quality 
of reproduction of the computer printout depending almost solely 
on the quality of the original information produced on the line 
printer, Dyeline copying is in fact frequently used for the reproduction 
of computer produced information so that a large number of computer 
bureaux will already be aware of the quality of the line printer 
output required, output suitable for simple reproduction by dyeline 
copying being equally suitable for the completion of drawings, 
Where line printer output is overlaid with A3 size drawings used 
with the longer edge horizontal, problems arise due to the number of 
print positions available and the associated width of the line printer 
paper, a reduction of line quality occurring beyond the area of the 
drawing covered by the paper, Provided that a line printer with 
a line length of at least 120 characters is used, however, these 
factors are not unduly restrictive, 
The problem due to the number of print positions can be overcome 
by arranging the drawings so that all the necessary printing can be 
carried out in a band 120 characters (about 305 mm) long, line-work 
alone being used outside this area, 
Since the paper used with a 120 character printer will generally 
be about 350 mm wide (excluding the area used for the sprocket holes) 
and the longer dimension of an A3 sheet is 420 mm, about 70 mm of 
the drawing will need to be left blank as shown in Figure 8,12. 
Since, however, a filing margin will generally be required along 
one edge together with a narrower margin at the free end (say 30 mm 
and 10 mm respectively) only about 30 mm of the available space will 
be wasted and the overall effect should be acceptable, 
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8.5.3.2 Computer output on opaque paper. Where opaque paper is 
used for computer output, other types of copying machine must be 
used. Figure 8.13 shows a drawing produced on a Rank Xerox 720 
copier from three silk-screen overlays and computer output. While 
the result is fairly satisfactory, problems have been encountered 
in achieving a consistent quality with this type of machine. The 
disadvantages of using drawings of this type have already been 
discussed in section 8.2.1. 
With this type of machine, the use of a cover to contain the 
overlays used to produce the drawing causes a loss of quality. 
Provided a flat-bed copier is used, however, no movement of the 
information being copied takes place within the machine, so that 
the cover is not required. The overlays can be aligned' on the 
jig, the computer output added and aligned by eye, and the set 
then removed from the jig and placed on the copier. Much greater 
care must be taken, however, to ensure that the sheets do not move 
out of alignment during this stage of the process. 
No attempts have been made to develop techniques for copying 
systems using coated papers. 
8.6 DYELINE COPIERS AND THE DESIGN OFFICE 
While the initial development work was carried out on the 
larger types of dyeline machine generally found in design office 
print rooms it was felt that there was also a need for smaller 
machines for the production of A4 and A3 drawings directly in the 
design office. Since the copying of drawings frequently acts as 
a bottleneck in the design process at the best of times, a situation 
in which large numbers of small drawings had to be produced in a 
print room in addition to its 
other work would clearly impose a 
68 
strain on any system. This would be made even worse by the need 
for accurate registration during the printing process. 
It was therefore considered that the purchase and use of smaller 
machines could be justified as part of a system for the automated 
production of detail drawings. 
Two main dyeline processes exist; ammonia vapour and semi-dry. 
The former process is generally used in large machin~ although 
smaller machines are produced, and generally requires ducting. With 
the semi-dry process, however, a liquid developer is applied to the 
exposed material (which does not pass through the developer bath) 
and no special facilities such as ducting are required. Tests 
were therefore carried out using machines of the semi-dry type. 
The majority of machines of this type have a fairly small 
light source (about 12 watts per inch) over a length of between 
12 and 18 inches. and cost about £200. More powerful machines are 
also available having light sources of around 70 watts per inch and 
costing about £400, these usually also include a heater for the 
automatic drying of prints and films following developing. The 
latter machines are much quicker and more convenient in use and 
their extra power is extremely useful in copying through computer 
output on diazo paper. Machines in both price ranges were loaned 
by the Azoflex division of Nig Mason Ltd. and trials were carried 
out with each, after which one of the more expensive machines was 
purchased for further use. 
Extremely satisfactory results were obtained with this machine, 
which was used for the production of Figures 8.6, 8.7, 8.8, 8.10, 
and 8.11. Composite drawings can be prepared in little over a 
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minute including the time taken to arrange the various sheets on 
the jig while paper prints can be produced in a matter of seconds. 
Although no serious problems were encountered with dimensional 
instability of the materials used during the early tests with ammonia 
vapour copiers, the semi-dry process machines generally incorporate 
a heater to remove all moisture from the developed materials and 
some problems were initially met with the film used for the production 
of composite drawings. Tests have shown, however, that this can 
be reduced to an acceptable minimum by setting the heater controls 
so that the material is just dried without overheating. 
8.7 ACCEPTABILITY 
The results of this work and the recommended techniques for the 
production of drawings from overlays and the addition of textual 
information were published as a report (ref. 19) in August 1971. 
This was submitted to LUCID's Technical Advisory Committee and then 
to the organisation's membership and the techniques proposed in 
the report were adopted by LUCID as its method of producing 
working information. 
The report was thus circulated to about one hundred organisations 
in the industry and met with general approval, no objectionSto the 
proposed techniques being received. 
70 
-,:• 
. Figur~ · 8,! 
·• ·.···c()pying <ju6!ity 
· t~s t•(liCigr'orn .. ····· 
.. , ... 
• • • ,,. 
• •• 
• 
• • 
+++++ 
+++++ 
+++++ 
+++++ 
+++++ 
+++++ 
+++++ 
++:t++ 
++.f++ 
' 
: 
. 
------~-- ----
,Figure 8.2 
Drawing alignment j1g 1n use. 
72. 
' \ r 
L 
I 
I 
~r-
I 
+ 
I 
I 
I 
l 
73 
J 
Figure 8.3 
Silk- se re en printed column 
base overlay on 90 mic'ron 
polyester film 
I• • I 
f--
' 
I 
' 
I 
.. 
r 
Figure 8.4 
i 
---- I 
os figure 8.3 
I . 
' I 
1 74 
D ~ I' 
Ll 
Figure 8.5 
os figure 8.3 
75 
-
~ 
I 
I 
I 
~r- ' 
' 
I 
r 
\ 
1--
• I I 
1/ 
. 
~I 1--
., I 
1::1 
-
-
I 
I 
I 
[] .. l 
1.1 • 
. 
· Figure 8.6 ' •· ' . 
• _·;• < .-· 
. Compositl! d~owil'lg ()~ . 50 · · 
. micron.'· mcitt poiyester • film .· 
< produce·d b.y dyeline c;opying •·. N --f-ro..;··_m_· ·._th_r ..... ·~_e..;._ov_e;...r..;l~...:.y....;s_·_· __ ·...:.·_· ""'. _··...-'·. 
.18Y 25- 0 1B 
AA 
. () o. "1• 
0 '• ..... li)" _:_' 3 .o; c .. 
. "0 :!;' . .., 
. ··.tQ :;· ~ 
~- lD 
:.a. 0 ·.~ . 
. . •V) ...., 
~ ~--. 
.o· 
Q.;: c ' 
.., 
. _.,. ~- .... · 
"' .. 
. -~-. ro -·: ,-_ 
"' . 0 •' Q. ·.; .. ·,; 
Q. 
;:+"· ·-, . 
,•, 
I. 
04 
02 
03 
04 
12 
[] 
. 
~ 
3800 NTS 
I ' 
' 
!"" 
,. 
500 NTS 
-
18Y 25- 0 1B 
- -r 
~ I 
I 
--L 
..I 
500 
NTS 
380 
NT 
0 
s 
I 122. 200 1 
50 COVER 
BASE SECTION 2 COLUMN SECTION 3 
sz 
I 
I 
J M -
12R 8- 04 
3R 8- 03 
12Y 32- 02 
, I 
181o1K 0 1B ~ 
~ SE~,;TION XX 
700 
NTS 
MK 01T 
NOTE COVER TO COLUMN STARTER BARS 50 
A u VANCE AND PARTNERS 
GREAT GEDRGE STREET 
LONDON S W 1 
UNIVERSITY OF TECHNOLOGY 
CIVIL ENGINEERING DEPT 
LABORATORY BLOCK 
COLUMN BASE DETAILS 
COLUMN BASE 24 
GRID LINES AA-12 
JOB No 3061 . J DRAWING N,o, 15 
. 
-- ., .· 
-...! (l)" 
0 
'< 
"' s· 
"' 
."0 
., 
s· 
... 
5 
" 
"' :::> 
-
., 
0 
3 
-t£5" 
c 
., 
"' 
()) 
~ 
18Y25- ll13 
12 
AA [J 
. 
, 
t£5" 
c 
., 
... 
I. ~ 3800 N TS 
()) 
en 04 
02 
r 
03 ~ 
04 ~ 
500 N TS 
-
~ 
WY 25- 013 
- -, 
... I 
I 
--L 
.. I 
500 
i"HS 
a eo 
iH 
ENLARGED COLUMN OETAIL 
0 
s 
3ASE SECTI01J 2 
' 
I 
I 
f.-1 M -
122,2001 
sz 
COLUMN SECTION J 
1<:H U- 04 
3R tJ- 03 
12Y 32- U<: 
T 700 NTS 
I 
~ 1 
1 ti:A K 013 ~- MK 01T I 
r ..... - .. ~~~ 
ul::t.. TION XX 
NOTE GOVER TO COLUMN STARTER 3ARS 5U 
A J VA~JCt. ANO PARTCJERS 
. 
ciRE:AT GEORGE STREET 
LllNJON s .v 1 
UNIVERSl TY OF Ti:::CHNOLiJGY 
CIVIL t:NG!NEER!N J OEPT 
LA30RATOIW BLOC!( 
COLUMN BASE llt:.TAILS 
t.;OLUMN 3ASI:: 24 
GRIJ LINES A/\-12 
J 03 No ::lll61 1 JRA.iirN rJ a 15 
X 
18Y25~ 01T 
12 
AA. 
-...1 
"' 0 -l 
c: s:l X 
-6 .... 
?- § ., 3800 .o· NTS ~. "0 c: 
~ 0 A .., 
ID .... 04 CP 
.... 0 
'o a - 02 ~ 
Ill a. 
c: ~ 111 () 5' 03 
"' 
tO 
::J 
.... 0 04 
"B 111 
"0 5' 
"' -, 
"' "0 
:J. 500 NTS ~ 
FO 
.., ENLARGED COLUMN 
18Y25~ 01B 
3800 
NTS 
122.200 
50 COVER 
500 
NTS 
DETAIL 
BASE SECTION 2 COLUMN SECTION 3 
NOTE I 
JOB NO 
12R 8• 04 
3R 8• 03 
12Y32" 02 
18MK 01B 
SECTION XX 
COVER TO COLUMN STARTER 
A.D.VANCE AND PARTNERS 
GREAT GEORGE STREET 
LONDON S,W,1 
UNIVERSITY OF TECHNOLOGY 
CIVIL ENGINEERING DEPT. 
LABORATORY BLOCK 
COLUMN BASE DETAILS 
COLUMN BASE 24 
GRID LINE AA • 12 
3061 DRAWING NO 
700 
NTS 
MK 01T 
BARS 50 
15 
()) 
0 
18¥25• on 18VZ5• 0111 
u 
12 
[] 
I. ..!J JI'OO NTS 
04 
Ill 
' 
01 -
04 ~ 
-
- -r 
1- I 
I 
- -'-
...I 
500 
~TI 
500 NTS 
!NLARIED COLUMN &ITAIL 
380 
~T 
0 
s 
!In 
• zoo 1 
COVER 
use SECTION 2 COLUMN I!CTION J 
sz. 
.J. 
. 
L 
I 
1211 8· 04 
Jlt 8· OJ 
1ZVJ2• 02 
n I 
...... 
UIIIK 011 ~ 
SECTION Xll 
I 
700 
NTI 
MIC 01T 
NOT! I COV!It TO COLUM~ STAITII IARI 10 
A,D,VANCI AND 'A~T~!RS 
GltEAT G!ORI! STREET 
LONDO~ S,W,1 
UNIVIRSITV 0' TICNNOLOIV 
CIVIL INtiNfiRINt I!,T. 
LAIORATORV BLOCK 
' COLUMN IASf DITAILI 
COLUMff IAII 24 
GRID LINI AA • 12 
.101 NO 3061 ·I DRAWJIIIl NO , 
' 
' 
. 
CJ) 
~ 
~ 
::J 
"" 
"'0 
.., 
;a. 
..... 
..,. 
0 
3 
a. 
.., 
0 
~ 
.6 
.o· 
c 
.., 
"" 
1~Yi!5• 01T 
·u 
I. 
04 
.., Ill! 
.o· 
c: 
.., 
"" Ol 
(JJ 
-•. Ott 
1 2 
-
D 
. 
r 
r-
,.. 
· 51)0 NTS 
18V25• 01!1 
- -r 
- I 
I 
- _,__ 
f 
S!JO 
'NI5 
380 
ljf 
0 
s 
112? .iiij 
sz 
/I 
' 1-
COLUMN S!CTIOH j 
12R /'.• 04 
3R 8• 03 r------
_l l-12_¥32:_!11 
I 
J ~"l - T 
1 
. . " ~· · 1 8 "!I(' (I 1 B . . 
. ~--
SECTION X~ 
' 
700 
IHS 
M~ OH 
NOTE COVER TO COLU"lN START!R BARS 50 
A,D,VANCE AI(O PA~fljEJIS 
GREAT GEORGE STREET 
.. . LONDON s . 11 ;1·'• . ' ' . 
UNIVfRS !TY OF HCH~jOLOGY 
CIVIL ENSIHE!RING DP.PT, 
LABORATORY BLOCK 
' COLUMN USf De-TAilS 
COLUMN US! 24 
GRID LINE AA • 12 
JOB IHI 3061 j DRAIIINt.NO 15 
• 
0 
0 
0 
0 
0 
0 
0 
p r-lnt 11 ne 
120 characters (.305mm) 
0 
0 
0 
0 
0 
0 
0 
I l. dl~toncc bctw<Zcn sprocket holn I I ~~~~~~~~~~~------~~ 
A350mm 
po er width ~ 368mm 
420mm 
IOmm ~·f-
llnt:work and 
alpha-numt:rlc 
In formation 
" 
>-
·;;, c 
L 0 ~ 
" e -" 
.. 
0 
"' 
!l 
c .. 
- .5 ;;:: 
•I 
.. 
.?:- u 
c 
" ~~ 0 Q. .. 
... I~ L ... 0 .. 
ill= ., 
.. .. .. 
c 
" 
-
!l 
f---ool 
rv30mrn 
Figure 8.12 
Effect of superposition of typical 120 character 
line printer output with A3 size drawing having 
longer rzdgrz horizontal, showing unusoble space. 
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9. INTERFERENCE PREVENTION AT INTERSECTIONS BETWEEN MEMBERS 
9.1 ALTERNATIVE METHODS OF APPROACH 
As pointed out in section 4.4, one of the biggest obstacles 
to the development of an efficient automated system for reinforced 
concrete detailing is the problem of ensuring that no interference 
occurs between the reinforcement in adjacent members at intersections. 
While with manual detailing this part of the process can and does 
cause difficulties, especially with the more complex and congested 
types of intersection such as beam and column junctions, these 
can be dealt with by the flexible approach of the detailer. No 
logical rules have been set up for dealing with the problem, 
slight adjustment of one or other set of steel being all that would 
be require·d in most cases to ensure compatibility. 
However, if a computer is to be used to perform this task 
all the possible complications must be envisaged and a logical 
set of rules drawn up to deal with them. 
Virtually nothing has been published on this topic by 
organisations undertaking work on automated detailing or detailed 
design. Some terminate their programs after the calculation 
of steel areas so that the actual detailing of reinforcement 
is dealt with manually. Others deal only with one dimensional 
strings of members such as beams or columns, intersecting members 
being detailed by hand. Of the three main systems already in use 
for building frame design, no mention is made in one case in 
either their literature or published work relating to the system 
of the problem of intersections, although it is known that manual 
checking of intersection steel layouts is necessary. The other 
two systems use splice bars in both beams and columns 'to reduce 
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the risk of interference at beam intersections ' (ref. 13). 
In addition, warnings are given when large concentrations of 
reinforcement occur at intersections. 
Clearly the possibility of interference can be reduced by the 
use of splice bars and other techniques such as allowing differing 
covers to the reinforcement in the intersecting members. The 
major disadvantage exists, however, that the responsibility for 
'making the intersection work' is transferred to the steel fixer 
since adequate fixing information is not provided for the 
intersection. While this will normally be within the fixer's 
capabilities, dangers do arise, particularly where the load 
carrying capacity of the members concerned is likely to be 
affected by incorrect placing. 
The Genesys sub-system 'RC-Building' on the other hand has 
taken interference at a number of types of intersection into 
account and the techniques used there are referred to, where 
appropriate, in the following discussion. 
The problem was discussed, with particular reference to 
beam and column intersections in the report 'Communication from 
designer to site' (ref. 7, pages 39-41, 64-72). Two basic 
methods of ensuring compatibility were suggested. For the first 
of these a series of mutually compatible standard details would 
be devised so that bars in intersecting members would automatically 
fit together. In the second method, which would be more similar 
to the traditional detailing technique, the computer programs 
used would, in addition to calculating the steel required in 
each member, arrange the steel so as not to clash with bars in 
adjacent members already detailed, cycling back to amend members 
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detailed earlier if necessary. 
The first of these methods has two disadvantages. The amount 
of steel that can be packed into a given section is limited due 
to the need for sufficient gaps to be left for steel in other 
members under all circumstances, whether or not this steel exists. 
In addition, restrictions are likely to be placed on the range of 
useable member sizes. The use of this method would, however, 
permit much simpler programming and involve the use of less 
computer time. 
The second method would be likely to produce more efficient 
results and be generally more flexible, but would require much 
more complex program logic and the use of a larger computer 
configuration. Additional care must be taken with this technique 
to ensure that alterations to steel arrangements at one inter-
section do not cause problems at adjacent intersections. This 
problem can be reduced by using steel arrangements in one or more 
of the intersecting members such that the reinforcement at one 
end of a member is independent of that at the far end. This is 
discussed in more detail in section 10.5.3. 
A third general approach can be devised which would be most 
applicable to small computer systems where elements are detailed 
individually, although it could also be used in larger systems. 
In this case the first set of members at any intersection would 
be detailed more or less in isolation but leaving space for bars 
in later members. Information regarding this reinforcement would 
then be input with the design data for later members so that these 
could be detailed avoiding interference. 
Compared with the use of mutually compatible elements, less 
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space is likely to be wasted, especially in heavily reinforced members, 
since space need not be left for every possible arrangement of 
reinforcement in intersecting members. The computer would then 
attempt to place the necessary steel in the remaining spaces, 
warning messages being produced if impractical or impossible steel 
arrangements were required. In this event either the earlier elements 
would have to be detailed again with additional instructions in the 
input data or, in the last event, manual detailing might be necessary. 
This technique can be compared with the first stage of the fully 
designed intersection method where a first, trial and error, attempt 
would be made by the computer, any cycling back in this case being 
performed by the user rather than the machine. It must, however, 
be ensured during the production of the necessary programs that 
the need for cycling will occur only rarely, as otherwise many 
of the advantages of automation will be lost. 
The remarks made earlier regarding independent steel 
arrangements at intersections apply equally to the use of this 
technique. In addition it would be advisable with some of the 
more complex types of intersection if some form of preliminary 
check were made to ensure that the reinforcement in all the 
members framing into an intersection could be accepted before any 
quantities or drawings were produced for individual members. 
With all of these methods the main advantages over manual 
detailing lie in speed and economy of production·although with 
some types of intersection, unless complex computer routines are 
used, the results may not be as efficient as a well produced 
manual detail since room may be left either for bars much smaller 
than the spaces provided or even for where no reinforcement is 
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finally required, 
Even with the use of sophisticated techniques, problems are 
likely to be met with the more complex types of intersection in 
providing the same efficiency as a manually produced detail 
without requiring excessive amounts of computer time and storage, 
In these circumstances the use of simplified bar arrangements, 
possibly requiring the use of additional reinforcement, may be 
necessary, However, as pointed out in section 3.5, the use of 
automated techniques may result in material savings elsewhere 
in the structure, offsetting any rise in overall construction 
cost. 
The extent to which these various methods will need to be 
employed will vary with the type of intersection under consideration. 
The more complicated techniques should not be required for certain 
of the simpler types of intersection or for those intersections 
where reinforcement can be displaced, if necessary, without 
affecting the performance of the structure. Equally, with the 
more complex types of intersection, the more sophisticated techniques 
may produce acceptable results when the simpler techniques would 
either fail or require manual intervention, 
Provision must also be made for intersections between members 
designed by computer and by hand, Where the automated detail is 
produced first, the flexibility of the detailer will generally 
ensure that a compatible intersection is obtained. In the rare 
instances of this being impossible some slight amendment will be 
necessary to the automated detail and its associated schedules, 
Where the manually prepared detail is produced first, except in 
the simplest cases, it will be necessary to ensure that the manually 
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produced detail will be compatible with the steel locations in the 
computer produced detail where these are pre-defined. Alternatively 
additional information may be required as data for the subsequent 
computer-produced detail. 
The application of these basic types of technique: 
(i) mutually compatible details, 
(ii) fully computer designed intersections (incorporating cycling 
back), 
(iii) computer designed intersections (with no provision for cycling 
back), 
~to b~m and column intersections are considered in sec ion 10. 
In add~hre~r commonly occurring types o 1ntersection: 
(1.) 1 d f ~d . • ' . co umn an oun at1on rnt~rsect1ons 
(ii) column and flat slab intersections 
(iii) beam and solid slab intersections 
are discussed in section 11. 
These intersections vary from the simple to the complex and 
a number of points raised and the conclusions reached should also 
be applicable to other types of intersection. Since automation 
is only likely to be economic for members occurring frequently, 
discussion has been restricted to members of square or rectangular 
cross-section, although, once again, much of what is said may be 
relevant to members of more complex layout. 
9.2 THE MODULAR APPROACH TO MUTUALLY COMPATIBLE DETAILS 
Before going on to discuss particular types of intersection 
the production of mutually compatible details should be considered. 
The basic requirement is that where members meet there should be 
a set of rules for the detailing_ of each type of member such that 
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it will he known that reinforcement in any member, although 
detailed independently, will not clash with that in any of the 
others, Different techniques, varying in complexity, may be 
required for different types of intersection and it is doubtful 
whether any technique could be generally applicable, 
One technique which, while chiefly discussed subsequently 
in relation to beam and column intersections, is likely to have 
fairly general application is described in its basic form in 
the remainder of this section, 
Where three orthogonal members intersect, each with reinforcement 
parallel to the axis of the member as shown in Figure 9,1, provision 
must be made for three orthogonal sets of reinforcement to pass 
through the intersection without interference, 
Figure 9.1 
lntersec t ion of three 
orthogonal members. 
(M ember axrs X Y~ art also 
.. 
rrFnforccmcnt directions) · · I 
. : 
-~~--~-·-·-·-- ·----- --· 
If the cross section of (say) the member running in the direction 
of the? axis in Figure 9,1 is broken up into a square grid in the 
XY plane as shown in Figure 9,2, each square can be regarded as either 
,-. 
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1
·. 
. 
filled with reinforcement in the r direction or left empty. If 
alternate spaces in each direction are used for reinforcement 
' (shown as solid blocks in the figure), reinforcement in either the 
X or Y directions up to the size of the grid square will avoid 
the reinforcement in the ~ direction if placed in the appropriate 
positions as shown by one of the sets of arrows in the figures. 
Figure 9.2 i 
,
1
_. reinforcement 
, in X direction _____..,_ . arrangement of reinforcement on XY 
plane 
.. ; 
-
f f f 
(solid blocks indicate 
posit ions of l- axi£; 
reinforcement) 
reinforcement in Y direction 
Reinforcement in the third direction can then be placed above 
or below the second set as shown in Figure 9.3 and the arrangement 
extended to cover any number of layers of reinforcement in each member. 
FiguriZ 9. 3 
x ThriZe dimensional 
----'--- arrangiZmiZnt of riZinforciZmiZnt 
Solid blocks indicate positions 
o'f r axl!! reinforce mcnt 
In practice the module size chosen for the grid will depend 
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on the intersection type although in some cases a choice for one 
type of intersection will enforce the use of that module with 
other types. The bars used will generally need to have a 
slightly smaller diameter than the nominal size of the module to 
give the fixer some latitude and to allow for the oversize of 
square twisted and ribbed bars although oversize bars in one 
direction might be permitted if undersize bars were used in the 
other two. 
For compatibility to be achieved between members it will 
also be necessary to have some series of base lines about which 
the grids can be arranged to ensure that bars in one member do 
correspond with the gaps in others. These are discussed when 
dealing with the intersections in question. 
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10, BEAM AND COLUMN INTERSECTIONS 
10,1 INTRODUCTION 
Beam and column intersections constitute one of the most 
difficult problems in the application of automated detailing 
to basic structural members. Interference must be prevented 
between the reinforcement in the primary and secondary beams at 
a junction and also between that reinforcement and the steel 
passing from the supporting column to the one above. Additional 
problems arise where one or more of the members is discontinuous 
such as at intersections involving edge beams and top storey 
colunms. 
Traditionally a variety of steel arrangements have been used 
both in beams and columns, bars in intersecting members being 
given different covers or cranked to prevent interference, The 
choice for the procedure to be adopted at any particular inter-
section would be made by the detailer depending on the circumstances 
although, where a number of detailers were working on different 
parts of a structure, an overall technique for interference 
prevention might be decided by the design engineer. 
While it might be possible, given sufficiently sophisticated 
programs, to reproduce the detailer's flexibility, the programming 
and storage required and the running times incurred are likely to 
make this approach uneconomic. For this reason the remainder of 
this section considers how use can be made of standard reinforcement 
arrangements to simplify the detailing process, 
At a typical internal intersection the problem can be broken 
down into two parts. Firstly, since the main reinforcement in the 
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beams at an intersection will generally be horizontal, interference 
between these members can be prevented by detailing the reinforcement 
in the two members at different levels. Secondly the positions 
in the horizontal plane of ·the column and beam reinforcement must 
be chosen so as to avoid interference. The difficulty of preventing 
interference will depend to a large extent upon the complexity 
of the reinforcement within the intersection, which should therefore 
be kept as simple as possible consistent with good practice. Further, 
since the bar layouts at intersections cannot be dealt with in 
isolation from those in the members themselves, the overall questions 
of beam and column steel arrangements must be considered at the 
same time. 
The subsequent discussion is therefore divided into five main 
parts: 
(i) Reinforcement priority 
(ii) Column reinforcement patterns 
(iii) Beam reinforcement patterns for simple intersections 
(iv) Interference prevention at simple intersections 
(v) Problems at more complex intersections 
10.2 REINFORCEMENT PRIORITY 
Beam and column intersections were discussed in 'Communication 
from designer to site' (ref.7, pages 65-72) and the basic difficulties 
for internal intersections pointed out. It was suggested in that 
report that the reinforcement in one of the members at an intersection 
'be allowed to take precedence and pass through the junction without 
regard to the other members framing into it'. The steel in the 
other members would then be detailed so as to avoid interference 
with the bars in the member detailed previously. 
The discussion in the report was based on the assumption 
that the column steel would take precedence but it was recommended 
that the designer should be permitted to give the beam steel 
preference if he wished. 
While it is agreed that for maximum flexibility the choice 
of priority should be left to the designer, it is considered that, 
for the majority of applications, priority should be given to the 
column reinforcement. The main argument against this is that beams 
are more likely to have large areas of densely packed reinforcement 
and that to simplify detailing the beam reinforcement should be 
given priority. The column reinforcement would then be detailed 
with splice bars at the intersection, if necessary, so as to avoid 
the beam steel. Column steel, including any splice bars, is, 
however, usually fixed and concrete placed up to the soffit level 
of any intersecting beams before the beam steel at the intersection 
at the top of that column is fixed. Additional fixing problems 
are likely to b e created if column splice bars have to be placed 
so as to avoid the beam steel at an intersection, in addition to 
which difficulties may arise in specifying the positions of these 
splice bars to the fixer at complex intersections. Subsequent 
discussion is therefore based on the assumption that priority 
would be given to the column steel. This argument can be extended 
to other types of intersection to give a rule that priority should 
generally be given to the reinforcement in the first of the members 
to be constructed. 
This priority was recommended independently by the Concrete 
Society's Working Party on Standard Details (ref. 20, page 23) 
and has now been proposed by the LUCID working party on beam and 
column intersections. The Genesys sub-system 'RC-Building' on 
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the other hand gives priority to the beams although this may be 
due to its use of an existing beam program with a specially 
developed one for columns. 
10.3 COLUMN REINFORCEMENT PATTERNS 
Three basic arrangements of columns at intersections must be 
considered. These are: 
(i) the columns above and below the intersection may have the 
same cross-sectional dimensions and centre lines 
(ii) there may be a change of size with or without a change of 
centre line 
(iii) there may not be a column above the intersection 
The first and last cases will generally be suitable for 
automation. The second, however, will only warrant automation in 
cases likely to occur frequently and discussion is therefore 
restricted to the cases of 
(a) the column above having the same centre lines as that 
below but a reduced cross section (Figure 10.1 (a)), 
(b) the column above having one, two or three adjacent faces 
common with that below but a reduced cross-section (Figures 
10.1 (b), (c) and (d)), generally occurring with a size 
reduction at an external or corner column. 
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b one face common 
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I 
L 
d three faces common 
Figure 10.1 
frequently occurring examples of column size change 
These conditions are considered below solely from the point of 
view of the column reinforcement. Additional problems and possible 
restrictions on any of these combinations caused by the need for 
compatibility with beam reinforcement are discussed later. 
10.3.1 Identical sections above and below·an intersection 
Where identical column shapes and positions exist above and below 
' 
.I 
an intersection and it is desired to run the column bars straight through, 
bars to shape code 41, of BS 4466 (see Appendix VI) would generally be 
used. With manual detailing these might be arranged in one of a number 
of ways, the most common cranking the reinforcement in the lower column 
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either through the intersection or immediately below it or cranking 
the upper column steel above the splice as shown in Figures 10,2 
(a), (b) and (c), the splice itself occurring just above floor 
level to facilitate fixing, 
Cranking the reinforcement through the intersection is frequently 
used in manually produced details, the detailer ensuring that no 
interference occurs. The arrangement is unlikely to be suitable 
for automated detailing, however, due to the need for extra routines 
to ensure that beam steel at different levels will avoid the 
varying positions of the column reinforcement, It also shares 
with cranking the lower reinforcement below the intersection 
(shown as an example of a standard detail in 'Communication from 
designer to site' (ref. 7, page 70)) the disadvantage of reducing 
the l]IOment carrying capacity of the upper column immediately above 
the intersection, Cranking the upper steel above the splice, 
however, combines providing reinforcement where most needed to 
resist bending stresses at the ends of the column with providing 
a simple layout within the intersection and is therefore considered 
to be the best arrangement for automated detailing, 
This arrangement is also recommended in the 'Standard method 
of detailing reinforced concrete' (ref. 3, page 21) and the 
preliminary report of the Concrete Society's Working party on 
Standard Details (ref. 20, page 15), 
10,3,2. Symmetrical changes in cross-section 
Where the column above has the same centre-lines as that 
below but a reduction in area as shown in Figure 10.1 (a), one 
of two basic arrangements would normally be used in manually 
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(a) cranking lower steel 
through junction 
(b) era nki ng I ewer stee I 
below junction 
Figure 10.2 
(c) cranking upper steel 
above splice 
crank positions for splicing column reinforcement 
(all bars to shape code 41) 
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produced details. For small changes in size a detail similar to 
that in Figure 10.2 (a) or (b) could be used with a larger crank 
in the lower steel to accomodate the smaller size of the column 
above. For a larger change a dowelled splice would be provided 
as shown in Figure 10.3. 
---- r-- --
0 1 
' 
•' 
" 
section XX 
Figure 10.3 
dowelled splice for larger 
change In cross section 
Where a heavy bending moment has to be carried at the top of 
the lower column, the main bars in that. column might be anchored 
in the beam as shown by the broken lines in Figure 10.3. With 
the splice arrangement shown, however, this would require the use 
of a shape code 99 (non-standard) bar having a right angle bend 
and a crank as shown in Figure 10.4 which would need to be drawn 
out in full in the bar schedule. 
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Figure 10.4 
Non-5tandard bar 5hape having 
right angled bend and crank 
(see. text) 
This type of bar would, however, be difficult to fix as well 
as difficult to detail and the arrangement shown in Figure 10.5 
using separate anchor bars would generally be preferable, the 
i 
lower main steel either running into the intersection (if sufficient 
space exists) or being stopped off below as shown in the illustration. 
\ 
I 
' 
... 
f ~ 
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section XX 
Figure 10.5 
dowelled splice with separate 
anchor bars 
Dowelled splices rather than cranked bars are recommended 
for manual detailing by the Concrete Society Working Party 
(ref. 20, page 19) where column faces are offset by 75 mm or more, 
ACI standard 315-65 (ref. 21, page 15) gives a similar recommendation 
of 3 inches. 
Where the automated detailing of this type of intersection 
is concerned the objection raised earlier to cranking the column 
steel within the intersection applies even more strongly when the 
size of the crank is increased to deaf with a reduction in column 
size. 
Cranks below the intersection might be acceptable provided 
a check is made to ensure that the column has an adequate moment 
of resistance below the junction. This arrangement would, 
however, require the use of non-standard double cranked bars, 
having unequal offsets as shown in Figure 10.6 with subsequent 
scheduling problems~ This bar shape also suffers from the fact 
that the difference in size between the offsets would generally 
be small, causing afserious danger of incorrect fixing, and the 
arrangement is not recommended, 
Figure 10.6 
Non-standard double cranked 
bar with unequal cranks (see text) 
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No difficulties should be met with the use of dowel bars 
provided the lower column bars are adequately anchored. The dowel 
bars through the intersection would then be fixed so as to fit 
the upper column and act as the priority steel around which the 
beam steel would be located. It is therefore suggested that 
dowel bars should be used wherever possible when column size 
changes occur, even where a change of face position of less than 
75 mm is involved. Where small changes occur and the use of 
dowel bars is impracticable details should be prepared or amended 
manually. 
10.3.3 Asymmetrical changes in·cross-section with common faces 
Where the column above an intersection has a reduced cross-
section and one, two or three faces common with that below, a 
combination of straight through and dowel bars as shown in Figure 
10.7 should generally be acceptable. Interference problems with 
the beam steel are, however, likely to become more complex than 
for other cases and the problem is discussed briefly in section 10.6. 
)x l 
10:1 
r r 
section X X 
Figure 10.7 
Mixture of straight-through: 
and dowel bars where 
upper column has three 
sides common with I owe r 
10.3.4. Top storey columns 
At roof level (or with internal columns not having a column 
above) it will generally be necessary to anchor the column steel 
in the beam above. Anchor bars to shape code 37 will again be 
required as shown in Figure 10.8. 
lx ~ . .. .section XX 
Figure 10.8 
Us e of separate anchor bars 
at top storey columns 
10.4 BEAM REINFORCEMENT PATTERNS FOR SIMPLE 'INTERNAL INTERSECTIONS 
The most commonly occurring type of intersection is that involving 
internal beams with no changes of beam cross-section, the beam and 
column centre lines intersecting in a line. These are discussed.below, 
the additional problems caused by edge beams and section changes being 
considered in section 10.6. 
10.4.1 Beam top reinforcement 
At intersections, beam reinforcement will generally occur near 
both the top and bottom faces in one or more layers. The top ste~l 
will generally be the more important, requiring the greater area, 
with the lower steel provided for continuity purposes only, except 
where reversed moments occur or compression reinforcement is required. 
At midspan, on the other hand, the bottom steel is generally more 
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important and, unless compression reinforcement is required or 
reversed moments occur, no top reinforcement may be needed other 
than as support for the shear reinforcement. 
It is therefore general practice, with manually produced 
details, to provide straight top reinforcement through the 
intersection in one or more layers to carry the support moments 
and to terminate this when it is no longer required. This 
mid-span gap is then filled with relatively small diameter bars 
(say 12 mm), to support the shear reinforcement, lapped with the 
intersection reinforcement in either the vertical or horizontal 
plane. If greater reinforcement is required at mid-span the 
same arrangement is usually adopted, the mid span top steel being 
cranked when spliced vertically so as to provide the maximum 
possible leve~ arm as shown in Figure 10.9. 
figur<z 10.9 
Beam top reinforcement showing separate bars through 
intersection and vertically cranked midspan steel 
This arrangement is in fact convenient for automated detailing 
since the support steel can be independently placed through the 
intersection to avoid the column bars, and the mid span steel can 
then be lapped with it. The question of whether the mid-span steel 
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should be spliced horizontally or vertically is discussed in 
section 10.5.1. 
10.4.2. Beam bottom reinforcement 
With the bottom reinforcement a number of practices are 
frequently adopted at intersections, the basic forms of which are 
(a) butting the bottom bars at the centre of the intersection 
(b) running the reinforcement from the two adjacent spans 
through the intersection and lapping them by cranking 
one of the sets of bars 
(c) butting the bottom bars at the centre of the intersection 
and providing splice bars 
(d) terminating the mid-span,steel at the face of the support 
and using ~plice bars through the intersection 
In each case only a proportion of the mid-span steel would 
normally be carried through to the column face or into the inter-
section, the remainder being terminated when no longer required 
to resist bending moments. 
Examples of these bottom steel arrangements are shown in 
Figure 10.10. Laps are shown in the vertical plane but could 
equally be horizontal (see section 10,5,1,), 
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Co) 
Mid ~pan bottom reinforcement 
butted at mid ~pport 
(c) 
Mid span battam reinforcement 
buttcd 1 with additional splice bars 
f igurcz 10.10 
(b) 
Mid 1pan bottom reinforcement 
lapped within junction 
(d) 
Mid ~pan bottom relnforc11m~nt 
terminated <1\ face of ~upport , 
. . 
splice bars throuqh Intersection 
l 
I 
:' ( olt llrnotiv(Z 
f, _____ ._ - -- --·- . 
bczom bottom steel orrongczmcznts at intczrsqctions l 
·These arrangements have a number of advantages and disadvantages 
as described in the following: 
(a) Butting the bottom steel without the use of splice bars uses 
least steel and would generally be the simplest and cheapest. 
Since only straight bars are used this arrangement'' would fit in well 
with automated techniques. It is, in fact, used in the existing 
beam program adopted for the Genesys sub-system 'RC-Building', 
although splice bars can be provided if required as compression· 
reinforcement. Normally, however, some provision for continuity 
of bottom steel through the intersection is necessary to make 
provision for catenary action in the event of the collapse of the 
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support. The Concrete Society Working Party on Standard Details 
(ref. 20, page 25) for example recommends that steel equal in 
area to at least 507. of the mid-span tension reinforcement be 
carried through the support. The use of this arrangement is 
therefore not considered further. 
(b) Lapping the main reinforcement within the junction involves 
the use of less steel than arrangements (c) and (d) although the 
economic advantages of this will be reduced by its use of cranked 
bars. It suffers, however, from requiring the provision of two 
sets of bars through the intersection and is likely to increase 
the difficulties of fixing and interference prevention. 
(c) Butting the bottom steel and using additional splice bars 
for continuity suffers from the disadvantages of using additional 
reinforcement and increasing the number of bars within the inter-
section and has no real advantages over arrangement (b). 
(d) Terminating the main bottom steel at the face of the inter-
section and using splice bars for continuity uses as much reinforce-
ment as arrangement (c). It does, however, have a number of 
advantages. Firstly it reduces the number of beam bars through 
the intersection to a minimum. Secondly, provided separate top 
face bars are provided at the intersection as recommended earlier, 
both top and bottom steel at the intersection can be fixed in 
situ and the remainder of the beam cage prefabricated elsewhere 
and dropped into place, simplifying fixing. Thirdly, the arrangement 
has the advantage that the steel layout at one intersection does 
not directly affect that at adjacent intersections thereby aiding 
detailing, particularly where computer programs permit cycling 
back, as discussed later. 
The final choice is therefore between the smaller steel 
requirements of arrangement (b) and the fixing and detailing advantages 
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of (d), The apparent cost advantage of the former will be reduced 
by its use of bent bars and, while at first the use of the latter method 
would probably involve slightly higher costs, it would be hoped 
that contractor's unit rates would eventually take the simpler 
fixing into account. In any case, as already discussed in section 
3.5, the additional reinforcement cost should only entail a negligible 
increase in the overall cost of the structural frame while it is 
considered that the ease of fixing and detailing would be of 
greater importance, 
Overall, therefore, it is considered that arrangement (d) 
provides the best beam bottom steel layout for internal intersections 
where no changes of member size occur, 
The chosen arrangements for beam top and bottom reinforcement 
agree with those suggested by the Concrete Society's Working Party 
(ref. 20, page 24) for use in manually produced details and have 
been provisionally recommended by the LUCID Working Party on beam 
and column intersections, 
Where beam dimensions change at intersections, additional 
problems are encountered, If bars are cranked through the inter-
section, difficulties may arise in detailing the reinforcement in 
other members without the need for complicated routines. Anchoring 
bars in the intersection with hooks or bends may also cause inter-
ference owing to the bend radii of the hooks, The problem is 
discussed in section 10,6. 
10.5 INTERFERENCE PREVENTION FOR SIMPLE. INTERNAL. INTERSECTIONS 
The prevention of interference using the reinforcement patterns 
proposed in sections 10,3 and 10,4 is considered under the following 
four headings: 109 
(i) The general steel arrangements needed to prevent interference 
(ii) The use of these arrangements ·to provide mutually compatible 
details 
(iii) The use of these arrangements for computer designed intersections. 
(iv) The use of these techniques with small computers. 
10.5.1 General steel arrangements 
At orthogonalinternal intersections between beams of the type 
discussed in the previous section and columns with straight reinforcement, 
compatibility can be achieved fairly easily. Provided the beam 
reinforcement within the intersection is kept horizontal, interference 
between the beams can be prevented by keeping the steel in the primary 
and secondary beams at different levels. Interference between the 
beam and column steel can similarly be prevented by leaving adequate 
space in appropriate positions between the bars in each layer of beam 
steel for the passage of the column reinforcement. 
Where, as is frequently the case, beam and column have similar 
widths .and covers, either the beam or the column reinforcement must 
be moved nearer the centre of the member for compatibility. Arguments 
exist for moving either type of reinforcement and these are summarized 
below. 
There are two main advantages of moving the beam steel: 
(i) If the column steel is moved, the moment carrying capacity of 
the column will be reduced, possibly resulting in the need for larger 
column sections where bending is critical. Horizontal movement of 
the beam bars on the other hand will have no effect on the moment 
of res.istance of the beam, the only reduction being in the torsional 
resistance which will generally have little effect as the beam will 
be restrained by the slabs it supports. 
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(ii) If the beam bars are placed outside the corresponding column 
reinforcement, problems may be met where the beam bars are displaced 
by stirrups bent to a larger radius than that of the beam steel. 
If this occurs, the beam bars must be moved slightly inwards and 
this may be prevented by the column steel which is already cast 
in place and, especially with the larger sizes, may be difficult 
or impossible to displace. The danger therefore exists either 
that these bars would be fixed displaced vertically as shown in 
Figure 10.11, with a consequent reduction in their effective depth, 
or even that they could not be fixed at all. 
high yield ~tee! 
beam ~tlrrup 
(121nm dlametrr) 
(ninlmum bend radius 
36 mm) 
m a in column steel (32 mm dio111ctcr) 
I 
\ 
0 
required bca m bar po&itlon· 
(32mln diameter) 
displac2d beam bar position 
Figure 10.11 Possible displacement cli beam steel by stirrup if 
placed outside column rein torcement 
Against this there are two, or perhaps three, main arguments 
for moving the column steel: 
(i) The minimum cover permitted by CP114 (ref. 16, clause 007) 
for longitudinal beam reinforcement in 25 mm (or the bar diameter, 
if larger) against 40 mm (or the bar diameter) for longitudinal 
column steel. As a result less space will be wasted within the 
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intersection when the outermost beam bars are placed outside the 
column steel if the minimum cover and any but the largest bar sizes 
are used. 
(ii) The movement inward of the outermost reinforcement of either 
type of member will reduce the space available for further reinforcement 
in that layer. Since beams, on the whole, require more concentrated 
reinforcement patterns than columns, it can be argued that the 
outermost beam bars should pass outside the column steel. As an 
example Figure 10.12 shows how, with 25 mm diameter reinforcement 
in both beam and column and maintaining an 80 mm vibrator gap, the 
minimum beam width for 4 bars near one face of the beam and 4 bars 
in the column (one in each corner) will be increased if mutually 
compatible steel arrangements of the type discussed subsequently 
in section 10.5.2. are used. The proportional effect will, of 
course, decrease with increasing member size. As partial 
compensation, beam bars can, if necessary, be placed in two or 
more layers. Where mutually compatible steel arrangements are not 
used the effect will be less important since a closer spacing of 
the beam reinforcement may be possible, equal to two-thirds of 
the nominal maximum size of the coarse aggregate used (ref. 16, 
clause 308). 
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(iii) If the column steel is placed outside, link reinforcement 
may be required through the intersection to prevent bursting by 
the main column steel, with resultant fixing complications. Opinions 
on this differ since it can be argued that, at internal inter-
sections at least, the beams framing into the intersection will 
provide the necessary restraint. Some engineers feel, however, 
that diagonal bursting as shown in Figure 10.13 is still a possibility 
except at slab level. 
I . 
I 
Figure 10.13 Horizontal section showing possible bursting of' 
column steel at Intersection if placed oufside beam steel. I . 
CP 114, if applied strictly, would appear to require the use 
of links through intersections. Scott, Glanville and Thomas, in 
their explanatory handbook on the code, (ref. 22, page lOO) 
recommend reducing the provision of lateral reinforcement and state 
that it may sometimes be safe to omit it completely. The Concrete 
Society Working Party on Standard Details show column steel passing 
outside, with no provision for transverse reinforcement, in a 
suggested standard for beam and column intersections in their 
113 
i 
' 
preliminary report (ref. 20, page 24). Boughton (ref. 5, 
pages 84 and 92) recommends passing the column steel inside the 
beam steel so that no links are required while Barker (ref. 4), 
ACI 315-65 (ref. 21) and the 'Standard method of detailing' 
(ref. 3) make no references to the problem. 
As far as is known, no experimental work has been carried 
out on this subject which would seem to be an area for further 
research. 
The LUCID Working Party on beam and column intersections 
decided that the balance of advantage lay in moving the beam 
steel inwards, chiefly to reduce the problem of beam steel 
displacement caused by beam stirrups having a large bend radius. 
It further suggested in its preliminary report to the LUCID 
Technical Advisory Committee that additional links should only 
be provided at internal intersections to contain the longitudinal 
column steel where, due to an appreciable difference in beam 
depths, adequate restraint is not provided by the intersecting 
beams. This is illustrated in Figure 10.14. 
area of lnlGrrsGrction In 
whlc~ links rGrqulred 
i Figure 10.14 Area of intersection with unequal beam depths 
in which co.lumn links are required. 
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In the remainder of this section it is assumed that this 
arrangement is adopted. Similar techniques can be used, however, 
for preventing interference if the column steel is moved and 
the greater part of what is said will be relevant whichever 
arrangement is adopted. 
With the beam steel arrangements proposed in section 10.4, 
placing the beam reinforcement through the intersection in this 
way can be arranged easily. The top and bottom mid-span 
reinforcement can then be lapped either horizontally or vertically 
with the intersection steel as shown in Figures 10.15 and 10.16. 
For simple detailing stirrups would have to be chosen from 
the range of standard shapes in BS 4466 (ref. 2) (see Appendix 
VI). These would generally be to shape codes 60 and 81 although 
codes 72, 73 and 74 might also be used. CP 114 (REF. 16, clause 
310g) requires that such stirrups be restrained with a bar in 
each corner and it would be necessary for the beam steel to be 
arranged consistently with this requirement. As a result, where 
the top and bottom steel is lapped horizontally it will be. necessary 
for the top mid-span steel to be continued to the column face as 
shown in Figure 10.15. 
Figure JO.IS 
Horizontal lopping of beam steel 
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The amount of steel required could be reduced by lapping 
the mid~span and support reinforcement vertically and cranking 
the mid-span top reinforcement if necessary as shown in Figure 
10.16. This arrangement has the disadvantage, however, of 
increasing the side cover to the beam reinforcement throughout 
the length of the beam and reducing the space available for 
mid-span reinforcement. It is therefore not recommended • 
.. 
A 
I 
Figure 10.16 
Vertical lapping of beam steel 
en I orged sect ion A A 
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In figure 10.15 the simplest case of beams having only two 
bars in the top and bottom faces is shown. Additional layers 
and greater numbers of bars per layer can be used, however, provided 
the dimensions of the member·are adequate. Sufficient space 
must also be left for the insertion of a vibrator, for further 
column steel and for intersecting beam reinforcement as discussed 
later. 
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Figure 10.17 shows an example of an intersection arranged 
using the recommended bar arrangements, showing 
(i) the column steel having priority over the beam reinforcement 
(ii) the column steel passing outside the corresponding beam 
reinforcement 
(iii) separate beam bars placed through the intersection and 
lapped horizontally with the mid-span reinforcement 
(iv) mid-span beam reinforcement taken to column face as required 
for moment carrying (bottom steel) and stirrup support (top steel~ 
purposes. 
(v) additional column steel links provided in intersection 
where column steel is not contained by beams on all four faces. 
These arrangements have been devised on the assumption that 
interference will otherwise occur. It is considered, however, 
that the advantages of the arrangements suggested, particularly 
the simpler fixing and the possibility of prefabrication, together 
with· the advantages of standardisation, warrant their general use. 
With certain combinations of member size and reinforcement quantities, 
interierence problems may not arise but it is considered that the 
advantages of a consistent, simple, system will outweigh any 
additional steel amounts required. 
The main differences between this system and that used in the 
GENESYS sub-system 'Re-Building' is that the column steel is given 
priority for the reasons discussed in section 10.2. Basically 
similar beam top steel arrangements are used with the difference 
that the positions selected for the beam reinforcement will depend 
on ~he column steel positions instead of vice-versa. Finally, in 
the GENESYS system the beam bottom bars are butted at the column 
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Figure 10.17 
·Typical ·internal beam /column intersection 
using recommended reinforcement arrangements. 
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centre-line although provision does exist 'for the use of splice 
bars if these are found to be necessary. 
Having decided on the bar arrangements to be used, the actual 
methods of avoiding interference can be considered. Mutually 
compatible intersections are dealt with first,after which the 
use of fully computer desigoed intersections and intermediate 
techniques is considered. 
10.5.2. Mutually compatible steel arrangements 
Where mutually compatible intersections are required, a 
modular arrangement can be used. First, one or more suitably 
sized modules must be selected, depending on the maximum bar 
diameter likely to be encountered, allowing some tolerance for 
the fixer and for the oversize effect of square twisted and 
ribbed bars. For example the GENESYS subsystem 'Re-Building', 
in which this technique is used, offers the alternative use 
of 37.5 mm or 25 mm modules for beam and column steel 
arrangements. Further factors affecting the choice of module 
size are considered subsequently. 
At internal intersections having orthogonal reinforcement, 
interference between beams and between beam and column can be 
considered separately if the previously recommended bar 
arrangements are used. In the following discussion the prevention 
of interference between beams is dealt with first. 
If the beam top surfaces are coincident, as will generally 
be the case, the surface level can be used as a reference plane 
and the upper reinforcement in each beam spaced from that plane. 
One of the two orthogonal beam directions must be selected as 
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a primary direction, beams running in that direction having 
their trip reinforcement placed above the corresponding reinforce-
ment of the intersecting secondary beams. 
A suitable cover must first be provided for the top steel 
in the primary beam, allowing for both the beam stirrups and the 
slab steel. While different covers should be useable for 
different levels in a structure, any one level will need to have 
a constant cover unless details are amended manually where 
the cover changes. For most work 40 mm should generally be 
sufficient for all reinforcement sizes, allowing slab bars 
and stirrups of up to 20 mm diameter, while where a smaller 
module is used covers of as little as 25 mm should be adequate. 
Alternate depth modules can then be used for the upper steel 
in the two beams, beginning with the primary beam, ensuring 
compatability. This is illustrated in Figure 10.18 below, 
the number of steel layers acceptable in each beam depending 
only on the distribution routine and the beam depth. 
----------"=:::::==::;:-- commoQ beam top surface 
f primary beam top cover 
Figurcz 10.16 
modules for secondary 
beam reinforcement 
modules for primary 
beam .. reinforcement 
Uppczr bczam stczel at intczrsczction using modular arrangement 
The same technique can be used with the lower reinforcement 
when the beam soffits coincide, using the soffit level as the 
reference plane. 
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Where the soffit levels differ and it is required that the 
members be automatically compatible throughout the floor it 
will be necessary for the difference to be related to the module 
size, assuming equal covers are maintained. Once the depth 
of one of the beams in a floor has been decided, the depths of 
other beams spanning in the same direction must either be the 
same or differ by even multiples of the module size if the most 
economic details are to be obtained. Similarly the depths of 
beams spanning at right angles will have to differ from that of 
this first beam by odd multiples of a module. Variations in 
depth from these multiples can, if necessary,be taken up by 
variations in the cover to the bottom steel, with a resulting 
increase in construction cost. Reinforcement can then be detailed 
in each beam, firstly to the specified cover and then in alternate 
modules, with compatability ensured, as shown in Figure 10.19. 
While normally the primary beam will be the deeper of the two, 
this need not always occur. 
A similar technique can be used with upstand beams. 
moduln for reinforcement 
In •heper beam 
f one module 
(a) 
modules for rtlnforcement 
In shallower beam 
~I t 
(b) 
thre<r 
modules 
Figure 10.19 Lower boom steel 
arrangment and 
at intersection 
equal covers. 
using modular 
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Although Figure 10.19(a) shows an example of primary and 
secondary beams differing in depth by one module this would not 
normally occur in practice since in these circumstances both 
beams would generally be designed having the same depth. The 
steel arrangement shown in the figure would still be used 
however, the reinforcement in the one of the beams being given 
a greater cover. 
For compatability between beam and column steel the vertical 
centre line of the beam can be used as a base line. Then, 
leaving space about this centre line for an immersion vibrator 
(CP114, clause 308, recommends a minimum of 75 mm), reinforcement 
can be placed in alternate modules towards the beam edges as 
shown in Figure 10.20. 
Figure 10.20 
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The remaining vertical spaces can then be used as required 
for column reinforcement as indicated in the figure, space for 
a vibrator being left at the centre of the column or elsewhere, 
122 
i st~el I 
I 
depending on the amount of reinforcement required. 
In practice a number of problems are likely to be met in 
producing a system using these techniques even for the simpler 
types of beam and column intersection under consideration and 
these are set out below. Additional problems likely to be 
encountered with more complex intersections are discussed in 
section 10.6. 
These problems are due to a number of related factors: 
(i) the need to have a simple and straightforward set of 
possible member sizes, 
(ii) the need to use modules permitting a reasonable bar size 
(iii)the need to distribute reinforcement as efficiently as 
possible 
(iv) the oversize effect of square twisted and ribbed high 
yield reinf~rcement 
(v) cover and vibrator gap requirements 
While BS 2539:1954 (ref.23) gave a series of recommerlded 
widths for beams and columns of multiples of 1!" up to 15 in 
and multiples of 3 in thereafter, no metric version of this 
code has so far been produced, While no set of recommended 
member sizes therefore exists it is assumed in the following 
discussion that multiples of 25 mm are most likely to be 
commoply used. In the event of other increment sizes such as 
30 or 40 mm.being used similar considerations would apply although 
actual sizes etc. would differ. 
In order to permit member sizes to fall into the required 
range it will be necessary for the module size adopted to bear 
some relation to the increment size, as is done with the 25 mm 
I~ 
and 37.5 mm modules used with "RC-Building". However, while 
the use of a 75 mm vibrator gap fits in with this requirement, 
the minimum column reinforcement cover of 40 mm required for 
the recommended reinforcement patterns does not. 
Consequently to bring the total member width up to a multiple 
of 25 mm, one of three things must be done, 
(i) The column cover can be increased to 50 mm 
(ii) The vibrator gap can be increased to 95 mm nominal 
(iii)The vibrator gap can be reduced to 70 mm nominal, 
The first two of these suffer from the disadvantage of reducing 
the space available for reinforcement within the member while 
the third reduces the vibrator gap size below the minimum 
specified in CP 114. However, the third alternative should 
generally be acceptable provided that only bars smaller than the 
module size are used as should normally be the case for the 
reasons described below, 
For the greatest efficiency it would be advantageous if 
bars up to the module size could be used, for example, 25 mm 
bars with a 25 mm module or, say, 32 mm beam bars and 40 mm 
column bars using a 37.5 mm module, Fixing problems are likely 
to be encountered, however, at densely packed intersections where 
high bond, high yield, reinforcement is used, due to the greater 
'circumscribing diameter' of these bars, the maximum dimension 
of a chamfered square twisted (round area) bar being 10% 
greater than the diameter of the equivalent mild steel ha~ 
ribbed bars also being oversize although not to the same extent. 
Consequently it would be necessary to restrict high-yield bars 
to smaller sizes than that of the module e ,g, 20 mm bars with a 
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25 mm module and 32 mm bars with a 37.5 module. Similarly, 
to give the fixer some tolerance at densely packed intersections 
it would probably be worthwhile extending this restriction to 
mild steel reinforcement as well,although this type of steel 
would not generally be used as main beam or column reinforcement 
due to its greater effective cost. 
This problem of oversize reinforcement would almost 
certainly be ignored by the majority of detailers and, in 
addition, is only likely to cause difficulties.at extremely 
congested intersections. It is considered, however, that 
problems such as this should be taken into account in the 
production of an automated system since otherwise the occurrence 
of fixing difficulties, however rare, is likely to lead to 
objections by contractors to the use of the system. 
Where a modular technique is adopted there will clearly 
be a range of optimum member widths depending on the number 
of bars per layer of reinforcement, the module size and the 
vibrator gap adopted. For the proposed reinforcement arrangements 
these will rre equal to the sum of the vibrator gap, twice the 
minimum side cover and a multiple of four times the module 
size. 
For example, using a nominal vibrator gap of 70 mm and a 
column reinforcement cover of 40 mm the optimum member widths 
using the suggested reinforcement patterns would be 
250. mm, 350 mm, 450 mm, 550 mm etc. using a 25 mm module 
and 300 mm, 450 mm and 600 mm etc. using a 37.5 mm module. 
Different ranges of member dimensions can also be provided 
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by using different vibrator gaps, examples having overall member 
sizes of multiples of 25 mm being: 
275 mm, 375 nnn, 475 mm, 575 nnn, etc. using a 95 mm vibratorgap 
300 mm, 400 nnn, 500 mm, 600 mm etc using a 120 mm vibrator gap 
325 mm, 425 nnn, 525 mm, 625 nnn etc, using a 145 mm vibrator gap 
all using a 25 mm module, 
and 375 mm, 525 mm, 675 mm etc. using a 145 mm vibrator gap 
and a 37,5 mm module. 
However, once a vibrator gap size is selected it must be used 
throughout a structure if interference is to be avoided. Once a 
gap size has been adopted any further variations in member width 
from the optimum range using this gap will have to be taken up 
by increasing the side cover to the member, This, however, is 
only likely to be acceptable for small size increases over the 
optimum range since with greater changes excessive covers will 
result. 
The technique therefore suffers from the disadvantage that 
basic symmetrical changes in beam and column widths are restricted 
to multiples of four modules (for example 150 mm with a 37.5 mm 
module or 100 mm with a 25 mm module) although these can be 
modified to some extent by changes of cover, In the same way, 
once a basic beam depth has been chosen, basic size changes 
. ~ -., 
are restricted to odd multiples of a module 0 
The other main disadvantage of the technique is that, as 
mentioned generally in section 9.1, spaces are always left for 
reinforcement of a given size, whether or not it actually occurs. 
As a result uneconomic use of reinforcement may occur due to the 
need to provide additional layers of reinforcement with reduced 
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effective depth before really necessary. In addition, otherwise 
satisfactory sections may require either increasing in size or 
detailing manually. 
However, despite the technique's restrictions and disadvantages, 
it does have the great advantage that compatability is ensured 
without the need for complex routines or cross-checking between 
members. When the system is to be used for simple internal 
intersections, all that is required to ensure compatability is 
that 
(i) The primary beam direction must be chosen 
(ii) 'The module size must be selected, the larger module sizes 
being more suitable for the more heavily loaded structure 
(iii)The vibrator gap giving the most suitable range of member 
width must be selected 
(iv) Actual member widths must be chosen, either from the optimum 
range corresponding to the chosen vibrator gap using the minimum 
cover or otherwise using amended covers 
(v) Beam depths and bottom steel covers must be chosen bearing 
the technique's restrictions in mind. 
It should be noted that the optimum member dimensions quoted 
apply only to the proposed reinforcement layout. Other reinforcement 
patterns are likely to have different ranges of optimum member sizes 
although the general principles noted above will still apply. 
Examples 1 and 2 (Figures 10.21 and 10.22) show possible 
reinforcement arrangements at intersections using modular layouts. 
For clarity beam depths are shown as differing by one module although 
in practice, as mentioned earlier, such beams would generally be 
designed having equal depths, giving one a greater bottom reinforcement 
cover. 127 
EXAMPLE 
Square column 25 0 mm wide 
Primary beam 250 mm wide, 500 mm deep 
Secondary beam 250 mm wide, 475 mm deep 
25mm module, 70mm nominal vibrator g<~p, 40 mm column cover 
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10.5.3. Computer designed· intersections 
The problems of computer designed details were discussed 
in 'Communication from Designer to Site' (ref. 7, pages 39-41, 
64-72) and it was pointed out that the necessary program logic 
would be more complex than for mutually compatible details and 
that more computer time would be required. As explained at the 
beginning of this section two basic techniques are possible: 
(i) Once one of the members at an intersection has been detailed, 
the reinforcement in subsequent members would be arranged, if 
possible, to avoid that detailed first, a warning message being 
produced if that proved impossible. One or both of the members 
involved would then have to be detailed manually. 
(ii) If it proved impossible to detail any member other than the 
first at an intersection the program would 'cycle back' and re-
detail the earlier member or members, if possible, to provide 
the necessary space. 
A great deal of work remains to be carried out on these 
techniques and until this is done their practicability and economics 
must remain in doubt.Qf the types of intersection discussed in 
this thesis, those between beam and column are the only ones 
likely to benefit greatly from such a system, other techniques 
being sufficient elsewhere. In the subsequent discussion, 
therefore, the application of both techniques is considered and 
some of the problems set out. 
Before discussing beam and column intersections, however, 
one major restriction upon the use of computer designed details 
involving cycling back must be pointed out. This is that the 
technique is unlikely to be economic in terms of computer time 
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in cases where alterations to a detail at one intersection 
directly affect an adjacent intersection. For example the 
beam bottom steel arrangements shown in Figure 10.10 (a), (b) 
& (c) have the disadvantage that amendments at one intersection 
might create a need for alterations in members framing into 
the intersection at the far end of the members in question. 
These, in turn, would be liable to affect other members elsewhere 
with the result that a great deal of computer time might be 
wasted. The technique is more likely to be successful, however, 
where reinforcement arrangements are used at intersections such 
that any one bar only passes through one intersection, as with 
the reinforcement arrangements for beams and columns recommended 
earlier, so that adjacent intersections are not directly affected. 
A number of problems will still exist, however, and these are 
considered subsequently. 
Of the members framing into an intersection the column 
would generally be the first to be detailed, followed by the 
primary and secondary beams. If cycling back was permitted the 
results for each member would have to be stored in an accessible 
way and would only be printed out on completion of detailing for 
the whole structure, If no cycling back was allowed, however, 
information could be printed out as it was produced. 
The column would be detailed by the appropriate routine, 
the bars being arranged so as to leave room for a vibrator and 
for the location of beam reinforcement, Information regarding 
this steel layout would then have to be transferred to the beam 
routines, Since with the simple types of intersection under 
consideration only a relatively small number of column reinforcement 
patterns would be required, the initial column steel arrangement 
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might be transferred to the beam routine as a pattern number. 
This, together, with the column size, cover and bar diameter 
would provide adequate information to the beam routine regarding 
the column reinforcement positions. The program would then 
attempt to detail the primary and secondary beam steel at that 
intersection consistently with the spaces provided. 
Using the proposed beam steel arrangements,.beams would 
best be detailed in strings. Once one end intersection in a 
string was detailed {the additional problems of end intersections 
are discussed in section 10.6) the next set of intersection 
reinforcement would be detailed together with the mid-span steel 
so as to ensure compatability between the intersection reinforce-
ment and both the column and the mid-span beam steel. The 
remainder of the string would then be detailed in the same way. 
Where only one layer of reinforcement is required in the 
top or bottom of a primary beam at an intersection, no problems 
should arise in ·detailing the corresponding upper or lower 
secondary beam steel. The diameter and position of this layer 
would be stored and then input to the secondary beam routine 
together with the column information so that the steel in the 
secondary beam could be detailed, if necessary, so as to avoid it. 
Where two or more layers of reinforcement are required in 
the primary beam, however, space will generally need to be left 
between these layers for secondary beam steel (exceptions to 
this rule may exist near the beam bottom face where the soffit 
levels differ appreciably or near the top face where an upstand 
beam is involved). This space could be specified in the program, 
for example as a fixed value or as the diameter of the primary 
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steel, or in the data if the user was given the choice of the 
maximum bar size to be used. The program would then attempt 
to detail the secondary beam steel within the spaces available 
up to the maximum number of layers allowed in the secondary 
beam. 
As pointed out earlier, if at any stage it proved impossible 
to detail any of the members at an intersection, a warning 
message could be produced and one or other of the members 
concerned detailed by hand or re-designed. While this 
occurrence should be kept to a minimum by careful choice of 
gap sizes and reinforcement arrangements, care should also 
be taken that the economy of the majority of the members 
detailed is not affected by too conservative a choice, for 
example by leaving too large a gap between layers of primary 
beam reinforcement with resultant reduced effective depths. 
Alternatively, given a sufficiently sophisticated computer 
program and sufficient storage, it would be possible to cycle 
back and attempt to re-detail the earlier members to provide 
more space. This might be useful in a number of places, for 
example: 
(i) If it proved impossible to detail any beam mid-span 
reinforcement consistently with the beam intersection reinforce~ 
ment at each end of the span in question, one or other set of 
intersecting column steel might be amended to permit re-detailing 
of the corresponding beam intersection steel. 
(ii) Similarly, column steel might be re-detailed if either 
primary or secondary beam intersection steel could not be 
detailed in the spaces provided. 
(iii) Primary beam reinforcement could be re-arranged vertically 
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to provide either greater space for secondary beam steel or, if 
the secondary steel diameter was smaller than that allowed for, 
to increase the effective depth of the upper reinforcement layer 
with possible consequent savings, 
While it is not intended to discuss in detail how cycling 
back could be performed in these circumstances, a number of 
points can he made regarding its application to the simple types 
of intersection under consideration using the proposed reinforce-
ment arrangements, 
(i) The problems of re-detailing columns will be reduced if 
the traditional detailing sequence is followed i.e. if all the 
columns of one storey height are detailed followed by the 
supported beams and slabs rather than by attempting to detail 
all the columns in a structure before dealing with any of the 
other members. 
(ii) The vertical re-arrangement of primary beam steel should 
also be comparatively straightforward. 
(iii)Care will need to be taken in re-detailing columns to 
permit the passage of secondary beam steel to ensure that the 
primary beam reinforcement is not affected. 
Even with intersections that can be treated independently, 
however, more complicated routines and greater computer storage 
will be required so as to amend members already detailed, 
particularly where the information is held on a backing store, 
Considerable further work will be required before this becomes 
a practical proposition and, in addition, the running costs of 
such a system will need to be carefully evaluated, In particular, 
care will need to be taken that the added costs of producing 
more efficient details do not outweigh the advantages gained. 
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While a system not making provision for cycling back might 
not be as efficient as one in which it is incorporated, the 
technique should still be capable of giving more economical 
members than provided by the use of mutually compatible elements. 
In addition the problems of cycling back will be removed, the 
losses due to the occasional additional member requiring hand 
detailing having to be balanced against the saving in programming 
effort and computer time and storage. 
Example 3 (Figure 10.23) shows how, with the member sizes 
used earlier in Example 2, more efficient details can be 
produced by not having to leave space for reinforcement that 
may not occur. In this example, provided only 25 mm column 
bars are required {providing up to 2% of the column cross-section), 
50% more beam intersection reinforcement can be provided in 
the primary beam (the beam top reinforcement at an intersection 
generally being the most critical) while still complying with 
the bar spacing requirements of CP114. 
10.5.4. Techniques for small computers 
Where small .computers are used for detailing, the lack of 
storage facilities is likely to prevent the use of techniques 
involving cycling back. Techniques not incorporating cycling 
back should be acceptable, however, information being transferred 
manually from detail to detail probably by means of a simple coding 
system as described earlier. In addition, no problems 
should be met with the use of mutually compatible elements. 
Since these machines use relatively slow printers and 
generally involve the direct completion of drawings, time and 
trouble would be saved, particularly with computer designed 
details if detailing could be performed in two stages, the 
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intersections being checked for compatability before schedules 
and drawings for individual members were produced. 
10.6 PROBLEMS AT MORE COMPLEX.INTERSECTIONS 
Discussion has so far been restricted to ~he case of 
internal intersections where no changes in beam size occur (excluding 
minor changes catered for by changes of cover) with, at most, 
symmetrical size changes in columns. While these comprise the 
majority of internal intersections, the detailing of offset 
columns and size changes in beams at intersections must also be 
considered. In addition the problems of detailing external 
intersections such as those involving edge beams and top storey 
columns require attention. 
Where the end span of a string of beams (or a single span 
beam) frames into an edge beam the steel from this end span must 
be adequately anchored. Possible arrangements consistent with 
those proposed at internal intersections are shown in Figure 10.24. 
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(a) 
l 
(b) (c) 
Figure 10.24 
Possible end span anchorage details at intersection with edge beam. 
The ·arrangement shown in (a) has the advantage of providing 
greater fixity which may be required in certain circumstances. 
Where this degree of fixity is not required, however, arrangements 
(b) and (c) provide easier fixing. Arrangement (c) has the 
advantage over (b) of allowing different areas of top and bottom 
steel. 
No problems are likely to be caused by the vertical legs of 
these bars although arrangement (a) has the disadvantage that the 
beam top steel must be fixed before the column concrete is placed 
and must therefore be specified on the column drawing. Difficulties 
may occur, however, in the displacement of the steel in one of 
the beams with a consequent possible loss of strength, caused by the 
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bend radius of the steel being anchored. CP114 (clause 310) 
and BS4466 (clause 9) require that the minimum internal radius 
of any bend in a reinforcing bar shall be two or three times 
the diameter of the bar for mild steel and high yield reinforce-
ment respectively. As a result a greater spacing between bars 
will be required as shown in Figure 10.25. 
I • ) 3.5d 
3d 
Figure 10.25 
example of effect of b~nd :. 
radius (high yield reinforcement j 
on steel spacing for no displacement 
E9 
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The problem could be eased in a number of ways such as: 
a) detailing small diameter bars, where possible, at the ends 
of beam strings so as to reduce the effect of the bend radius 
b) leaving greater horizontal gaps between the longitudinal 
reinforcement in edge beams 
c) using mild steel reinforcement at the ends of beam strings. 
The first of these, while increasing the number of bars and 
therefore the fixing costs, is probably the easiest to apply 
whatever the computer system adopted. With a fully computerised 
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system it should also be possible, given the required software, 
to use a combination of the first two methods, cycle back, check 
the intersection for compatibility and amend it if necessary, 
However, gs mentioned earlier, the costs of such a system, even 
if it were practical, might be excessive, While the adoption 
of a larger module would help achieve compatibility, the general 
economy of members elsewhere would be affected, Similarly the 
provision of steel in alternate reinforcement locations in an 
edge, beam would seriously affect the capacity of that member, 
The third possibility, that of using mild steel, would be 
unlikely to find favour where high yield steel is used elsewhere 
in a structure because of its greater effective price and the 
undesirability of mixing steel types, 
In the absence of an automated checking technique it is 
suggested that the elements framing into an external intersection 
should be detailed as though no interference would occur due to 
the effect of the bend radius (though with small diameter bars' 
in end spans where possible), The intersections should then 
be manually checked for compatibility and amended if necessary, 
In the majority of cases space will exist due to bars being 
smaller than the spaces left for them and there will be some 
tolerance for dealing with the bent bars, so that few 
arrangements should require amendment, The general provision 
of additional room would be likely to result in space being 
wasted in a large number of cases and is, therefore, not recommended, 
It is considered essential, however, that, where the 
intersection is not checked automatically, compatibility checks 
should be carried out in the design office and the details amended 
manually if necessary, The problem should not be passed, by 
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default, to the steel fixer on site. 
At present, as far as is known, no system of automated 
detailing takes the effect of bend radii in end span details into 
consideration. While where intersections are checked by hand 
as a matter of course no problems should arise, it is considered 
that manual checking of end span details should be carried out 
with systems using either splice bars at intersections or 
mutually compatible arrangements at internal spans. 
·. 
Similar problems will be met where column bars have to 
be anchored in beams either ·at roof level or where column 
size changes occur and it is required to provide greater 
restraint for the steel in the lower column than can be provided 
with straight bars. In addition, where beam size chang~ take 
place at intersections, it will be necessary for the bars not 
being carried through to be anchored, and it is considered that 
in these circumstances manual checking and possible amendment 
will once again be necessary where fully computerised checking 
is not possible. 
Problems may also be met where offset column occur, even 
where a modular system is used, due to the column above an 
intersection having a different centre line to that below. At 
such an intersection a mixture of straight through and splice 
bars would normally be used as shown in figure 10.7, the 
interference problems occurring between the splice bars and 
the steel in the column below. It is recommended, in the absence 
of more reliable techniques, that the intersection be designed ignoring 
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compatibility problems and that the resultant layout be checked 
and, if necessary, amended by hand, Where a modular technique 
is used, problems will generally be reduced and sometimes removed 
by restricting size changes to multiples of two modules, excluding 
any changes due to alterations in cover. 
10,7 CONCLUSIONS 
At beam and column intersections the use of certain reinforce-
ment patterns will reduce the possibility of conflict and, when 
arranged in a modular pattern will remove it completely at the 
more straightforward types of internal intersection, This 
technique has the major advantage of permitting simple and economic 
programming and computing. It suffers, however, from a number 
of disadvantages of which the most important is the way in which 
inefficient use is likely to be made of the space within an 
intersection with a consequent possible need either for an 
increase in member size or manual detailing where heavily 
loaded members are concerned. 
While the use of more complicated methods of computer design 
.should produce more efficient results, further research is 
needed into both the practical and economic aspects of their use, 
particularly where 'cycling back' is to be used for altering 
details to ensure compatibility, In addition, for those inter-
sections that cannot be considered in isolation, the practicability 
of using such a system at all must be considered. 
Where automated checking techniques are not provided, 
additional manual checking and possible amendments may be required 
with the more complex types of beam and column intersections,· 
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While in the majority of cases the details provided should be 
suitable for troublefree fixing, it is considered that any 
checks and amendments should be made in the design office and 
not left to be arranged on site, 
With cases of extreme congestion of reinforcement in 
members or intersections manual detailing of reinforcement 
is likely to be more efficient than any computer technique due 
to the greater flexibility of the detailer, It is considered 
however that the advantages of the automated detail, such as 
consistency, speed and general simplicity of production more 
than make up for the disadvantages of having to amend or 
completely re-design the occasional detail. 
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11. OTHER COMMON INTERSECTION TYPES 
11.1 COLUMN AND FOUNDATION INTERSECTIONS 
In the early stages of the production of a system for automated 
detailing, it is expected that the only types of foundation member 
to be automated will be the simple, isolated, column base and the 
pile cap, more complicated foundations remaining manually detailed. 
With all types of foundation, however, the steel in the intersection 
will generally take the form of starter bars of shape code 37 
(appendix VI), lapped above the foundation with the column reinforce-
ment (normally shape code 41). This arrangement is shown in 
Figure 11.1. The number of bars, bar diameter and steel arrangement 
above the foundation will generally be the same for both sets of 
reinforcement and identical link reinforcement used. The starter 
bars and their associated links should, however, be detailed and 
scheduled with the foundation reinforcement and not with the column 
as they must be cast into the foundation. 
~ 
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Figure 11.1 
column steel, shape code 41 
bars, shapiz code 37 
t 
foundcti on r ei n fa re !'m ent 
(arrangement depending 
on foundation type) 
Reinforcement arrangement at column and foundation intersection 
lA .d. 
Where both foundation and column are automatically detailed, 
different approaches will be required depending on the type of 
system used. Where structures are designed and detailed using 
a large computer system the basic information for the starter 
bars and links can be extracted from the column results and 
re-used by the program. For systems where members are detailed 
individually, the simplest technique is that of using the same 
bar selection routines as are used in the column program. 
Alternatively, to reduce the size of foundation program required, 
the column could be detailed first and the steel arrangement 
for the column specified in the data for the base. This latter 
method has the advantage of preventing any possible need for the 
starter bars to be redetailed if the column bars above have to 
be amended, to prevent interference at a beam and column inter-
section for example, provided the base detail is not produced 
until the final steel arrangement in the column above is known. 
Where foundation details are prepared manually, much of 
the information required for the starter bars and the associated 
links can be extracted from the column calculations and schedules. 
Since column bases and pile caps are. generally reinforced 
only in their bottom faces and around their edges interference 
between starter bars and the foundation reinforcement is unlikely, 
the starter bars simply resting on the bottom reinforcement. 
With the more complex types of manually detailed foundation it 
will be necessary for the detailer to ensure that the starter 
bars are not obstructed by the other reinforcement. 
It will be seen that the column starter bars shown in the 
example of a column base detail in Figure 7.3. and the column 
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reinforcement shown in Figure 7.7 of this thesis have the same 
sizes and arrangements. Identical bar distribution routines are 
used in both programs and the way in which interference is 
easily avoided can be seen. This arrangement is in fact similar 
to that shown in Figure 11.1. 
11.2 COLUMN AND FLAT SLAB INTERSECTIONS 
At intersections between rectangular columns and flat 
slabs reinforced in two directions, interference problems are 
unlikely to occur. With this type of flat slab all reinforcement 
is arranged either parallel, to, or at right angles to, the lines 
joining the column centre lines. Since slight horizontal 
displacement of this reinforcement can be permitted without 
affecting the strength of the structure, all that is required 
is for sufficiently large gaps to be left between the column bars 
to permit the passage of the slab steel. 
Where a modular arrangement is used in the column, bar 
sizes in the slab up to the size of the module will be permitted, 
although bars of this size will not generally be needed, and 
no problems should arise. 
Where intersections are fully designed by computer or an 
intermediate technique is used,a check must be made to ensure 
that the chosen bar size in the slab is smaller than the gap 
between the column bars. With small machines this can be done 
by ensuring that the slab steel size is smaller than the minimum 
allowable spacing between the column bars (a function of the bar 
size and the nominal aggregate size). With larger machines 
carrying out a complete design a check on the actual space between 
the column bars could, alternatively, be made. 
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If flat slabs are detailed with four-way reinforcement, 
additional problems may arise where the reinforcement in the 
diagonal bands passes through the column, especially where 
rectangular slab panels are used. This form of slab reinforce-
ment is, however, relatively rare and would probably not 
warrant automation. 
11.3 BEAM AND SOLID SLAB INTERSECTIONS 
Beam and slab intersections were discussed briefly in 
'Communication from designer to site' (ref. 7, page 65) and 
the conclusion reached that interference was unlikely to cause 
any major problems. While this is generally true, certain 
problems are likely to be imposed by the application of 
automation and these are discussed below, together with other 
aspects of automating this type of intersection. 
It is anticipated that only rectangular slabs having 
flush top surfaces with the supporting beams are likely to be 
automated and discussion has been restricted to members of 
this type. Slabs spanning in one and two directions are 
considered with bar and fabric reinforcement. 
Intersections problems may arise in four different ways:-
(i) between slab top steel and the top reinforcement in beams. 
(ii) between slab bottom steel and either the upper or lower 
beam reinforcement. 
(iii)between beam and slab reinforcement at edge beams where 
the slab steel is bent and anchored in the beam. 
(iv) between slab and column reinforcement at column and beam 
intersections where th~ column width is greater than that of 
the beam. 
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The ways in which interference can be prevented at these 
intersections are set out below. 
11.3.1. Top reinforcement interference between beam and slab 
Reinforcement near the top surface of a slab at a support 
is usually placed over the top layer of bars in the supporting 
beam cage, and takes the form either of straight bars or of 
bars bent up from the bottom of the slab. This reinforcement 
can be used with normal closed beam stirrups (shape code 60) 
or stirrups to shape code 72 as shown in Figure 11.2, the slab 
steel acting as the closing link of the stirrup, simplifying 
the assembly of the beam cage. 
Figure 11.2 
1 Use of shape code 72 open stirrup 
with slab steel as closing link 
Whatever technique is adopted to ensure compatability 
between beams and columns, the slab steel spanning between the 
primary beams will take up part of the cover provided for the 
primary beam reinforcement. A cover of 40 mm to the top beam 
steel will allow the use of 20 mm diameter mild steel or 16 mm 
high yield steel slab reinforcement. This cover will need to 
be increased to 60 mm for external and exposed work. With 
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lightly loaded slabs where smaller reinforcement is acceptable 
this cover could be reduced by 5 or 10 mm, 
Slab steel spanning between the secondary beams and merely 
placed over the top secondary beam steel is unlikely to have 
cover problems owing to the greater depth of that reinforcement. 
Wher~howeve~ this slab steel is the main upper reinforcement 
in a one way slab it would be supported on chairs across the 
slab and placed through the beam appreciably above the top 
steel in the beam. While there would still be no interference 
problems with the secondary beam steel, the slab steel spacing 
between the primary beams (provided merely as distribution 
reinforcement) might have to be displaced downwards so as to 
prevent conflict, 
In either case there would be no need for the slab steel 
pitch to be related to the beam and column module if one were 
used although this could be done if wished, 
No additional problems should arise from the use of 
fabric reinforcement as slab top steel, 
11.3.2. ··Interference between beam steel and slab bottom 
reinforcement 
It was pointed out in 'Communication from Designer to Site' 
(ref. 29, page 65) that the layers of steel in the bottom 
face of a slab might not always pass through the beam reinforce-
ment cage and claimed that, in any case, interference with any 
of the beam steel would be unlikely. 
Two possibilities of reinforcement do exist, however, where 
reinforcement is carried into the beam cage. With thin slabs 
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interference may occur between the lower slab steel and the 
top steel in the beam, especially if two layers of steel are 
provided in the beam. Alternatively with thicker slabs the 
possibility of interference exists between the slab bottom steel 
and the bottom steel in the beam, again particularly where more 
than one layer of steel is provided. 
The first of these is more likely to occur, particularly 
where a modular arrangement is used to ensure compatibility 
between beams and columns. Solid slab thickness will generally 
be between about 90 and 300 mm. If a module of 37.5 mm and a 
top cover of 40 mm are assumed for the beam, two layers of 
reinforcement in both primary and secondary beams may interfere 
with slab steel down to a depth of about 190 mm. Slightly 
fewer slabs would be affected where designed intersections 
are used since the actual sizes of the beam bars could be 
used in depth calculations. 
Insistence upon placing the slab steel flat would result 
in restrictions upon the range of allowable slab thicknesses 
as it would be necessary to ensure that the slab bottom steel 
corresponded with spaces between bar layers in the supporting 
beams. 
Alternatively the slab steel could be draped, if necessary, 
over the interfering layer of beam reinforcement, while still 
fixing the steel to the specified nominal cover over the 
greater part of the span. This has the disadvantage of 
reducing the effective depth of the slab near the supports, 
the effect being more pronounced for thin slabs. Since at slab 
supports this steel is generally provided for continuity purposes 
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only, no problems should arise there as a result. In addition 
no problems should occur in fixing the steel to its nominal 
cover away from : the supports, due to the flexibility of the 
small diameter bars used in slabs, thus preventing difficulties 
due to reduced effective depth nearer mid-span. 
Interference between slab and beam bottom steel is much 
less unlikely to occur as, even with a 37.5 mm module and two 
layers of reinforcement near the beam lower faces, no inter-
ference will occur if the shallower of the beams is more than 
about 180 mm thicker than the slab. If interference does occur, 
however, the slab steel could be draped as above. 
As far as is known, this technique is used in all the 
computer detailing programs so far developed and in no case 
is any check made on interference affecting the slab bottom 
steel. In addition draping is accepted in many design offices 
with manually produced details. 
No additional problems should arise from the use of fabric 
reinforcement as slab bottom steel. 
11.3.3 Slab and edge beam intersections 
At intersections between slabs and edge beams, adequate 
anchorage in the edge beam must be provided for the slab upper 
steel. This can be achieved either by combining this steel 
with the beam shear reinforcement by using stirrups to shape 
code 73 or by bending the steel over the outermost reinforcement 
in the beam cage and using normal shape code 60 or open shape 
code 72 stirrups. (Figure 11.3). 
151 
• 
u;e of shop~ code 7 3 stirrup as 
combined stirrup and slab top steel 
Figure 11.3 
Use of shape code 72 strrrup with 
code 37 slab top steel (use of 
code 60 stirrup Is similar). 
Alternative arrangements of slab top steel at edge beam. 
Whichever arrangement is adapted this steel is best 
detailed with the beam, While this is clearly necessary with 
stirrups to shape codes 72 and 73, it will also ensure that 
the diameter of the slab steel is no greater than that used for 
the stirrups, preventing any reduction of the end cover to the 
slab steel or displacement of the beam bars, 
Where fabric reinforcement is used elsewhere in the slab, 
the edge top steel should be provided by type 73 stirrups to 
provide adequate·anchorage, 
Bottom slab steel can generally be terminated without 
hooks or bends and no additional problems should be encountered 
compared with intersections with internal beams, 
11.3.4 Interference between slab and column steel 
While generally slab and column reinforcement will not 
intersect, this may occur with columns having greater cross-
sectional dimensions than the beams they support, This 
arrangement is similar to that occurring at intersections between 
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columns and flat slabs and the same considerations apply, 
11,4 CONCLUSIONS 
With the types of intersection discussed in this section 
interference can usually be prevented by the use of comparatively 
simple techniques and results as efficient as those produced 
manually should be possible without the need for excessively 
complex computer routines, 
There are two main differences between these types of 
intersection and the beam and column intersections discussed 
in section 10, Firstly, with the latter, comparatively 
large quantities of reinforcement in three mutually orthogonal 
members have to be passed through a relatively small space 
and, secondly,the positions of much of this reinforcement are 
critical for the members in question. 
With the types of intersection discussed in this section, 
however, these restrictions do not apply to the same extent. 
For example with column and column base intersections, although 
the positions of the starter bars are critical for carrying 
bending moments at the foot of the column, the intersection is 
essentially the same as one between two columns, Once the steel 
in the column above the intersection has been finally detailed 
the starter bars need be detailed solely to ensure compatibility 
with this reinforcement and to ensure that the lower part of 
the starter bars will fit within the limits of the base, 
At intersections between columns and flat slabs reinforced 
in two directions the ability to displace the slab reinforcement 
horizontally for small distances without affecting the strength 
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of the structure ensures that no checking is required, apart 
from ensuring that the slab reinforcement will pass through the 
gaps between the column reinforcement. Similar considerations 
also apply in the comparatively rare instances of solid slab 
reinforcement having to avoid column steel. 
Similarly, interference at intersections between beams and 
solid slabs can be simply prevented by leaving sufficient room 
above the beam top reinforcement for the slab steel while (if 
necessary) draping the slab bottom reinforcement at the supports. 
In all the examples considered, the intersections are 
unlikely to be as congested as those occurring between beams 
and columns. In addition displacement of reinforcement 
(horizontally with flat slab reinforcement and vertically at 
the supports with solid slab bottom reinforcement) can, in certain 
circumstances, remove problems that would otherwise occur. Finally 
simple arrangements,such as providing room above beam reinforce-
ment for the slab top steel,can remove other problems although 
care must be taken that inefficient details do not result 
through oversimplification. 
Similar criteria will apply to other types of intersection, 
the ·difficulty (or otherwise) of preventing interference depending 
on the amount of reinforcement passing through the intersection, 
the accuracy with which reinforcement locations must be fixed 
and whether simple methods of ensuring compatibility can be 
devised, as with slab top steel, without seriously affecting the 
economy of any of the members under consideration. 
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12, COMPUTERS AND THE DESIGN OFFICE 
12,1 THE RANGE OF ALTERNATIVES 
As mentioned in earlier sections of this thesis, a variety of 
ways exist in which computers of different size and price can be 
used for automated detailing, different methods of application 
being suited to the needs of individual design offices, These 
have been divided, somewhat arbitrarily, in the subsequent discussion 
into the use of large computers, small computers and on-line terminals 
to the larger types of machine, 
These are described below together with their'hardware and 
software requirements, While the facilities and capabilities of 
the larger types of machine are fairly well known, the use of 
small computers in the design office is at present in its early 
stages of development and is discussed in greater detail. Finally 
the developments likely to occur in the near future are considered, 
12. 1.1 Large computers 
No generally accepted definitions of computer size exist, 
the same terminology being used by different people to describe 
different types of machine, For the purposes of this discussion, 
a 1 large 1 computer has been taken to be what might ~e described 
as the 'traditional computer'. This will generally have at least 
a fairly large 'immediate access' storage capacity together with 
such peripherals as a card 'reader, line printer and disc or 
magnetic tape backing stores, These machines generally require 
special environmental conditions and cost, including peripheral devices, 
from in excess of ESO,OOO to over El million. This definition in 
fact covers·what would generally be described as medium to large 
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machines. 
Computers of this size might be used under a variety of 
circumstances, for example for batch processing where the design 
concern owns a large computer or where time is bought from a 
computer bureau. A machine of this size might also be accessed 
via an on-line terminal as discussed separately in section 9.1.3. 
Where an on-line terminal is not used, the calculation results and 
material schedules can be produced on the line printer using plain 
paper (preferably a diazo paper) to facilitate subsequent reproduction. 
The printed part of the working information could be produced in 
the same way and then overlaid with the appropriate pictorial 
information in the design office. Alternatively it could be 
output on paper tape and added directly to a composite drawing in 
the design office using a tape controlled typewriter or free-standing 
computer terminal. While the second of these alternatives has the 
disadvantage of requiring additional capital equipment in the design 
office, (possibly costing up to £2,000), that would not otherwise be 
required, it would ensure that the final drawing quality would be 
under design office control. Where acceptable quality of print 
using a line printer could be guaranteed and an adequate line length 
is available however, the first alternative has the advantages of 
being cheaper to use and of not requiring additional paper tape 
output. 
Computers of this type have been used by structural engineers 
for a number of years for applications such as structural analysis 
and it is not intended to go into their use in any detail. When 
used for batch processing, however, their use is most suited to 
applications where a relatively large amount of work is to be carried 
out at one time. With reinforced concrete detailing this is most· 
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likely to occur with programs such as the Genesys subsystem 
'Re-Building' where design and detailing is undertaken for a 
number of members or even complete structural frames. With systems 
such as this, design starts with members such as slabs, loads being 
transferred to beams and then to columns, member sizes having been 
fixed by the designer for the reasons set out in section 3.2. 
Large quantities of data have to be prepared for the structure or 
group of members in question, after which other work can be carried 
out in the design office while this is being processed. While some 
re-organisation of the work flow within the design office is required, 
the amount of work carried out by the computer in one run of the 
program should make this worthwhile. 
In comparison, where automated techniques are used solely for 
detailing, the use of batch processing has a number cif disadvantages. 
The most important of these is that experience has shown, both in 
industry and with a design program offered by the university on a 
bureau basis about two years ago, that rapid turn around is required 
where relatively small jobs are to be done by computer. If this 
cannot be provided, the time taken for the transmission of data and 
results to and from the computer, particularly if the postal service 
is used, is likely to drastically affect the use made of any system. 
These delays are also likely to cause problems where results for 
any one member or set of members are required before subsequent 
members can be detailed, for example at intersections where designed, 
rather than mutually COmPatible intersections, are used. In these 
circumstances the use of small computers and on-line terminals in the 
design office have a number of advantages over the use of large machines. 
12.1.2 Small computers 
Very little use has been made of small computers in the design 
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office except for the smallest types of machine, variously described 
as desk top computers or programmable calculators. Over the last 
few years, however, machines have appeared on the market at prices 
within the reach of the smaller design organisations, having a 
much greater potential range of use than that of the desk-top 
computer. 
Provided that the use of these machines could be shown to be 
both economic and practical, their use in the design office in 
the production of reinforced concrete details would appear to 
provide the smaller firm with the advantages of automation without 
the need to use bureau facilities. Their use would also have 
advantages even for the larger organisations using large computers, 
both for producing relatively small numbers of revisions quickly 
and for dealing with individual members of structures not suited 
for fully automated design and detailing. In addition many of these 
devices would also be suitable for dealing with other work in the 
design office, thus improving the economics of their use. 
The term 'small computer' covers a very large range of machines, 
not all of which are suitable for detailing applications, the 
definition, once again, being used differently by different authorities. 
For example a study carried out for the Department of Trade and 
Industry in 1970 (ref. 24, pages 3 & 4) used the term 'small computer' 
to cover virtually the whole range of machines costing less than 
£50,000, subject only to their having certain minimum capabilities. 
Because of this and other surveys, for example that carried out by the 
Control and Automation Division of the flectrical Research Association) 
no attempt has been made to examine the whole range of sma~l machines. 
It was considered, however, that a machine costing less than £10,000 
would be required if the benefits of direct computer use were to be 
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made available to the smaller design organisation. A study was 
therefore made of machines costing less than this amount in their 
minimum practical configuration to evaluate their uses in the 
design office. The facilities required from these machines for 
use in reinforced concrete detailing are set out in section 12.2. 
The survey itself and its results are discussed in section 12.3, 
the results being set out in detail in Appendix V. 
12.1.3. On-line terminals. The use of on-line terminals to 
large computers offers an alternative both to the use of large 
computers on a batch processing basis and to the direct use of 
small computers in the design office. This method of computer 
use has the advantage of providing immediate access to the facilities 
of a large machine using comparatively inexpensive equipment and would 
therefore appear to combine the main advantages of the other methods of 
use. At present, however, the use of this type of device suffers from a 
number of disadvantages as described subsequently. 
Two main types of terminal exist, non-intelligent and intelligent. 
The former act simply as transmitting and receiving devices, information 
being entered via a key-board or (more economically) produced off-line 
on paper or magnetic tape (simple cassette facilities being available with 
some types of terminal) and then transmitted. The latter devices have, in 
addition, a certain amount of computing capability, certain of the 
machines discussed in section 12.2 being capable of use in this 
way. With commercial data processing these devices are used mainly 
to arrange information in a more suitable form for transmission. In 
engineering design, however, it should be possible to use them as 
independent computers for the more simple types of work directly 
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in the design office while using the on-line facilities to the larger 
machine for the more complex or lengthy types of computation such 
as frame analysis. 
To a large extent the facilities required from these devices 
{particularly regarding input and output) are similar to those 
required from small computers and are dealt with in detail in 
section 12.2. In particular, as described in that section, there 
is a need for such devices to have an adequate line length if 
they are to be used for the production of working information using 
the techniques set out in section 8, so that the cheapest types 
of device having a relatively short (generally 72 character) line 
length are not suitable. 
While non-intelligent terminals have been used in design 
offices for some years, their use has largely been restricted to 
applications with a large computation content rather than the type 
of data processing application with large quantities of output that 
reinforced concrete detailing represents. Where ordinary telephone 
circuits are used for the transmission of information these devices 
suffer from the disadvantages of having low operating speeds and of 
being susceptible to transmission errors while, in addition, costs 
can be high, especially where large distances are involved. As 
a result it is generally necessary to back up the information 
output by the terminal with lineprinter information produced at the 
site of the main computer. The consequent need for additional 
checking of the information produced on the terminal against the 
lineprinter output received subsequently, together with the delay 
involved, is likely to reduce the apparent advantages of the terminal. 
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While this additional work may be acceptable during the early stages 
of the development of an automated detailing system where only a 
small number of element types are concerned, the work involved 
may well become excessive when programs for a large range of details 
become available. 
It was pointed out in the Department of Trade and Industry's 
'Small Computer Study' that adequate data transmission facilities 
for the effective and economic use of terminal devices are unlikely 
to be available for some time. Given the necessary improvements 
in speed, accuracy and cost at some time in the future1however,it 
would appear that the use of the on-line terminal may become as 
useful for detailing applications as it is in other fields. 
12.2 SMALL COMPUTERS 
The types of small computer in the price range under consideration 
that might be likely to find application in the design office can be 
divided into three main classes. While the terminology used by 
different manufacturers to describe their machines differs greatly, 
the classes can be described as: 
U> 
(ii) 
(iii) 
mini-computers 
visible record computers 
Micro-computers 
Mini-computers are basically small general purpose digital 
computers having a small word length (generally from 8 to 18 bits) 
and a core store of between 4K and 32K words. These devices are 
intended for a wide range of applications in the same way as a 
typical large computer and can be used with a variety of free-standing 
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peripherals and various types of backing store. An example of a 
typical mini-computer (excluding peripherals) is shown as Figure 
12.1. 
Visible record computers on the other hand have, up to the 
present, been intended solely for the small commercial data processing 
market although they have been used for a small number of scientific 
and engineering applications. A variety of storage media are used. 
such as core, disc and delay-line stores, sometimes with additional 
magnetic tape storage. The arrangement of this storage from a 
programming aspect also differs from the mini-computer, up to about 
lK of storage units variously described as words, instructions or 
macro-instructions being provided, having a length of up to 128 
bits, varying with the machine. These machines are generally 
designed as complete systems, incorporating input and output 
facilities in the form of a keyboard and serial printer as part of 
the basic machine (sometimes with a paper tape or punched card 
reader in addition), a typical example being illustrated in Figure 
12.2. Other peripherals are also available, magnetic ledger card 
devices being the most common. The description 'Visible record 
computer' was restricted in the 'Study of small computers' to 
machines having ledger card facilities, devices lacking these being 
described as 'Sophisticated Electronic Accounting Machines'. The 
former description, usually abbreviated to VRC, is however, more 
commonly used for both types of machine and is used in this thesis 
for that reason. 
The third description, micro-computers, covers a small number 
of machines that are at present coming onto the market, sometimes 
called mini-computers by their manufacturers, developed from the 
small 1 desk-top 1 computers described earlier. The storage of these 
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FIGURE 12.1 PDPS/E MINI-COMPUTER 
(EXCLUDING PERIPHERALS) 
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(PDPB/F MENTIONED IN TEXT IS SIMILAR 
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FIGURE 12.2 PHILIPS P352 VISIBLE RECORD COMPUTER 
(FAST CARD PERIPHERALS IN BACKGROUND) 
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devices is normally expressed in terms of a number of registers, 
each being capable of storing either numerical data or a number 
of program steps, although with some machines these are independent. 
This storage is generally restricted in size so that external 
program storage devices are provided using paper or magnetic tape. 
Paper tape input and output peripherals and serial printers are 
generally available although, compared with mini-computers, the 
range of peripherals is somewhat restricted. 
All three types of machine have the great advqntages, from the 
design office point of view, of not requiring any special environmental 
conditions and normally requiring only a normal domestic power 
supply. 
12.2.1 Requirements for detailing applications 
Because of this variety of machines of radically different 
design it is virtually impossible to compare capabilities merely 
by studying manufacturer's information. A number of facilities are, 
however, required for detailing applications and the range of machines 
to be considered can be restricted to those providing these. Comparisons 
can then be made between machines on the basis of these requirements. 
These requirements can be considered under the two main headings 
of computing facilities and input/output facilities. In addition, 
consideration must be given to the ability of these devices to 
perform other jobs in the design office in cases where detailing 
alone would be unlikely to provide a complete economic justification 
for the purchase or lease of a machine. Finally, machine costs 
must be compared. 
Three main aspects of any machine's computing facilities must 
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be considered: the storage provided and the associated possible 
program length, the machine's speed and, finally, the ease (or 
otherwise) of programming. 
(i) Storage and program length. Because of the different ways in 
which storage is provided and arranged, it is extremely difficult to 
make accurate comparisons between machines on the basis of any 
quoted storage capacity. This problem is compounded by the use 
of external program storage devices with the smaller machines, 
. . 
allowing much greater program lengths but extending running times. 
In addition, the methods used for programming affect the storage 
required since much greater storage for the compilation of programs 
written in high level languages for minicomputers, the other types 
of machine requiring machine code or assembly language programming. 
Compared with the VRCs and the micro-computers, mini-computers 
are generally more flexible as. their immediate access storage can 
be increased as required up to the maximum capacity of the machine 
(generally in increments of 2K or 4K words). Increased storage 
does of course result in increased costs, and this, together with 
the questions of running times and programming techniques must 
be borne in mind when using storage as a basis for comparing machines, 
(ii} Speed. Although mini-computers having extemely fast cycle 
times are produced for real time applications such as process control, 
speeds of this order are not really required for machines intended 
for design office use. With applications such as reinforced concrete 
detailing, large amounts of information are produced for a relatively 
small amount of computation. In these circumstances, overall program 
times are generally dependent on output peripheral speeds rather than 
the speed of the central processor. 
166 
Where other applications are contemplated, involving more 
calculation and less output, processor speeds become more important 
and must be taken into account although it is considered that all 
but the slowest machines should be sufficiently fast for design 
office use. 
(iii) Programming. While, as mentioned earlier, most mini-computers 
can be programmed in high level languages such as BASIC or FORTRAN, 
relatively large amounts of core store are needed in order to 
compile the source programs produced. Typically about SK words of 
12 or 16-bit core store are required for the use of a FORTRAN compiler 
resulting in a need for about 12K words of store for the production 
of compiled programs of a reasonable size. 
Alternatively these machines can be programmed in an assembly 
language or machine code, as can a number of the VRCs, the remaining 
machines being restricted to machine code programming. Programming 
in assembly languages or machine codes has two disadvantages to 
offset the reduced hardware costs involved. Firstly the languages 
are more complex to use and more difficult to learn than the high 
level languages, resulting in increased programming costs and 
restricting programming to the computer specialist. Secondly, 
while the high level languages are virtually machine independent, 
assembly languages and machine codes differ completely between machines 
so that different programs must be written to perform the same 
operation on different machines. 
Where programs are to be developed for a number of organisations, 
however, these problems are less serious as the costs of developing 
programs can be shared. High level language programs can be compiled 
on a machine having sufficient storage and the compiled programs 
output in binary form and run on machines having a smaller storage 
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capacity in the design offices concerned. Similarly, programs 
could be written in assembly language or machine code for suitable 
types of machine either by the machine manufacturers or organisations 
such as LUCID. 
The input and output facilities required for detailing applications 
are rather easier to set out in detail and are described below. While 
with VRC's these will normally apply to the basic machine, with 
mini and micro-computers they are more likely to be peripheral 
requirements. These requirements apply equally to intelligent and 
non-intelligent terminals used with large machines. 
(i) Program input. Since it will generally be necessary to run 
different programs in quick succession, program input facilities 
should be simple and rapid. While the basic facilities provided 
with small machines are normally cheap and simple, speeds are 
generally low since, especially with VRC's, they are frequently 
intended for use with programs which, once loaded, are used for 
some time. Faster equipment is usually available but is frequently 
relatively expensive. 
(ii) Print speeds. As mentioned earlier, print speeds are frequently 
critical in applications such as detailing where large quantities 
of output are required. While lineprinters are produced for use 
with mini-computers they are expensive items of hardware and serial 
printers are much more likely to be used in design office installations. 
Serial printer speeds, while all comparatively slow, vary greatly 
between machines (between about 10 and 25 characters per second for 
impact printers) so that program running times can depend to a large 
extent on printer speeds. 
Appreciable time savings can be made, particularly in the 
completion of drawings, by the use of printers having tabulation 
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facilities so that print units cari move directly to where printing 
is required, rather than having to space slowly to the required 
position. Two main types of tabulation device exist. With the 
less expensive types of printer, mechanical tab stops are set by 
the operator (as with a typewriter), the printer being programmed 
to move through a given number of stops and then to space for a 
certain number of characters before printing. With the more 
expensive machines individual character positions can be specified 
within the program resulting in even greater time savings, tabulation 
speeds of six or more times the normal printipg speeds being common. 
(iii) Print quality. This should permit the easy reproduction 
of any information produced and should also be suitable for the 
completion of drawings by direct or indirect addition as appropriate. 
For this reason the faster types of printer using impactless techniques 
with sensitised papers are unlikely to be suitable. 
(iv) Line length. Where drawings are to be completed by direct 
addition, printers must be large enough to accept the maximum drawing 
size used (420 mm for A3 drawings). For indirect addition at least 
the minimum line length suggested for lineprinters in section 7 
(120 characters) should be provided. 
(iv) Paper loading and alignment. Facilities for the insertion 
and accurate alignment of discrete stationery must be provided where 
drawings are to be completed by direct addition. These facilities, 
where provided, also have the advantage of permitting the re-insertion 
of bar schedules so that bending information for more than one element 
can be provided, if required, on the same schedule. 
(v) Ease of use. Any machine intended for design office use 
should be suitable for operation, after training, by clerical staff 
and should therefore be comparatively simple. In particular the 
methods of loading programs and data should be straightforward and 
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12.2.2. Small Computer survey 
As described in section 7, a program to demonstrate the uses 
of small computers in reinforced concrete detailing was written 
in mid-1970 for the Olivetti 'Auditronic' visible record computer. 
While this machine was perfectly adequate for the demonstration 
program it was considered that, for a number of reasons, its 
capabilities fell short of what would be required for practical 
use. The chief of these were the restricted program size possible, 
the complicated programming and the problems of economically storing 
the large number of programs required in a form in which they could 
be rapidly loaded into the machine. 
As a result, and particularly to investigate the suitability 
of the more general purpose mini-computer, investigations were 
made into alternative machines in the small computer range, However, 
because of the greatly different types of machine available, it 
was impossible to carry out any meaningful comparisons on a purely 
theoretical basis. It was therefore decided that the fairest method 
of comparison would be through the use of a 'benchmark' so that 
programs for a standard application could be written for, and run 
on, a variety of machines and the suitability of those machines 
compared. 
The demonstration program used with the 'Auditronic' was 
chosen as providing a medium size task involving design, detailing, 
scheduling and the completion of drawings, This program was therefore 
documented in detail, schedules of data and results, flow charts 
and output layout charts being provided together with examples 
of the output produced, The LUCID organisation was used as a 
vehicle for the study, the program specification, prefaced by a 
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short description of LUCID and its aims, being produced as a 
Technical Report (ref. 25). This is reproduced as Appendix IV 
of this thesis, differences in drawing layout between the examples 
in the report and the figures shown in sections 7 and 8 of this 
thesis being due to program changes since the publication of the 
report. 
Seventeen manufacturers, making a variety of types of small 
machine, were informed of the survey during the summer of 1971 
and asked whether they were interested in producing demonstration 
programs. Ten firms showed interest and were sent copies of the 
report, discussions were also held at Loughborough and elsewhere 
with representatives of the majority of these organisations. 
Listings of the FORTRAN program written for Loughborough University's 
ICL 1904 A computer, described in section 7, were also provided 
for these organisations, where required. In all cases a mid-
November deadline was given for the production of demonstration 
programs. 
Of the ten organisations expressing interest, two were 
manufacturers of mini-computers, five of VRC's and two of micro-
computers while the final organisation was interested in providing 
a system using a mini-computer produced by one of the two mini-
computer firms. The greater degree of interest shown by VRC 
manufacturers can be explained by the different types of market for 
which the machines are intended. VRC's are generally sold as systems, 
complete with software, so that VRC manufacturers normally employ 
large numbers of programming staff, while mini-computers are 
generally marketed as hardware alone with little or no software 
support. 
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Despite the deadlfne only three demonstration programs had 
been completed by the end of November, the reason given by other 
organisations generally being the pressure of other work on 
manufacturers' programming staff, At the time of writing (mid-
March 1972) some programs were still under development (generally 
where organisations were waiting for the release of new or improved 
hardware) while one further program had been produced, making four 
in all, Of the programs produced, two were intended for VRC's, one 
for a micro-computer and one for a mini-computer although, as 
described later, the mini-computer program had been run on a much 
larger machine configuration than would normally be economic for 
design office use and further tests remained to be made. In 
addition_ one VRC manufacturer, while declining to produce a 
demonstration program, organised a demonstration of its' machines' 
capabilities, 
While the survey sample is therefore small, it is considered 
that the machines for which.programs were produced are sufficiently 
typical of those available for a number of general conclusions 
to be drawn, 
The results of this survey, together with details of the 
organisations involved, are set out in Appendix V, the Olivetti 
'Auditronic' being included for completeness, These results are 
discussed subsequently, the VRC and micro-computer results being 
considered together, followed by those for the mini-computer, 
Finally these results are compared, 
12.2.2.1 Visible Record Computers and Micro-computers, As set 
out in Appendix V, the results from four machines are discussed 
in this section, 
(a) Friden 5800 Visible Record Computer 
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(b) Olivetti 770 'Auditronic' Visible Record Computer 
(c) Philips P350 range Visible Record Computer 
(d) Muldivo Mael 4000 Micro-computer (described as a 
mini-computer by its U.K. distributors). 
In addition, where appropriate, reference is also made to 
machines for which demonstration programs were not produced. 
For a number of reasons explained in the discussion a different 
sequence of headings is used compared with the way in which machine 
requirements were set out in section 12.2.1. 
(i) Storage and program length. As would be expected, each 
of the machines for which a demonstration program was produced 
had sufficient capacity for the application. 
With the Friden 5800 (having a core store memory divided 
into program and data areas) the full program storage of the machine 
was used and certain information, such as bar schedule borders and 
titling, had to be stored on paper tape and read by the machine as 
required. Additional core storage has since been announced for 
this machine, however, quadrupling its storage capacity. 
Similarly with the Philips P350 range (also core store machines) 
well over 80% of the available capacity of the largest machine in 
the range was used although, once again, additional core storage 
will soon be available. 
The remaining machines each have composite memories. The 
Olivetti 'Auditronic' uses a delay line central memory with a random 
access, ·magnetic tape cartridge backing store while the Muldivo 
Mael 4000 uses a core store central memory together with a random 
access punched mylar tape for program storage, read through a 
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fast bi-directional tape reader. 
The Auditronic's central memory is used merely for the storage 
of data, the program being read, instruction by instruction, from 
the magnetic tape which also stores additional numeric and 
alpha-numeric data. With the basic machine (having one tape 
cartridge) about 60% of the available capacity was used by the 
demonstration program. Two cartridge machines are also available, 
one c~rtridge being used for program storage and one for data, 
thus increasing the capacity of the machine. 
The Mael 4000's central memory on the other hand is divided 
into two parts, one storing numeric data while the other stores 
program and alpha-numeric information. With this machine program 
steps are read in groups from the mylar tape to the core store 
and executed, after which further steps are transferred to the 
core. With the demonstration program about one third of the program 
and alpha-numeric core store was occupied by job titling etc. 
while the remainder was used for program storage read from the 
tape as necessary, about seven sets of program steps having to 
be transferred during the execution of the program. Only about 
15% of the maximum tape length was used by the demonstration program. 
Since the demonstration program is relatively small compared 
with possible practical programs for, say, the detailing of 
continuous beams it might appear at first glance that the use of 
VRC's and similar machines in this application is unlikely to be 
practical. 
However, while the amount of arithmetic calculation in a 
practical example might be ten or more times that used in the 
demonstration, the resulting output would not increase proportionally 
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while little, if any, more alpha-numeric data (such as drawing 
. 
titles) would need to be stored. Since a large proportion of 
the demonstration program storage was in fact used for the storage 
of alpha-numeric information, of one form or another, increases in 
the arithmetic content of a program would not have a proportional 
effect on program length. 
Provided sufficiently fast program input devices were used, 
the Philips and Friden VRC's with their core store memories could 
be used in the same way as the Mael 4000, execution being carried 
out on segments of the program, at the end of each of which titling 
and intermediate results would remain in the central memory while 
further program instructions are input. The only limitation that 
this would impose is that, unless random access program stores 
are used, programs should only be broken down into fully independent 
segments. For example, if programs were stored on punched cards 
it would be possible to break a program into segments dealing with: 
(a) the basic calculations 
(b) The output of results from these calculations 
(c) reinforcement scheduling 
& (d) drawing production. 
It would not be practical, however, to divide a bar selection 
routine into two parts if, having entered the second part of the 
routine, it was required to go back and try a different arrangement 
using the first part. 
(ii) Program storage. Before examining machine speeds the 
techniques used for storing and loading programs must be considered. 
As has already been described, the Olivetti Auditronic uses magnetic 
tape cartridges which, although robust and easy to use, are relatively 
expensive. Similarly the Mael 4000 uses punched mylar tape, the 
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basic machine being fitted with a fast (520 cps) tape reader. 
The standard Philips P350 range of machines and the Friden 5800, 
on the other hand, are only fitted with relatively slew program 
input devices. With the P350 a card reader is used (72 cards/minute) 
while the Friden 5800 uses a 20 cps paper tape reader. 
While, as explained in section 9.2.1, these slow speed devices 
are acceptable for most commercial data processing applications, 
they are too slow for design office use. Faster input peripherals 
are available, or will shortly be available, for these devices, 
however, considerably reducing program load times. A faster card 
reader (300 cards/minute) is already available for the Philips 
P350 1 s while magnetic tape devices are expected in the near future 
for both the P350 1 s and the Friden 5800 while faster paper tape 
devices for the 5800 should also become available. 
Alternatively the possibility exists of using magnetic disc 
storage with exchangeable cartridges as program storage devices 
with both the P350 1s and the Mael 4000. 
In addition to the costs of using these various methods of 
program storage, considered later in this section, their convenience 
and ease of use in the design office must be considered. Of the 
basic arrangements, the magnetic tape cartridges used with the 
Auditronic are the easiest to use while problems are unlikely to 
arise with the mylar tapes used with Mael 4000. The use of paper 
tape with the Friden 5800 would appear to suffer from the possibility 
of damage although the alternative use of mylar tapes with this 
machine should reduce these dangers to an acceptable level at 
little extra cost. The use of punched cards with the Philips P350 1 s 
would also appear to suffer from the danger of damage in use although 
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it has the advantage that damaged cards can easily be replaced. 
While the use of magnetic tape peripherals for the Friden 
and Philips machines is still under development, these devices 
would seem to offer advantages in use, both because of their 
faster speeds and because of the possiblity of holding a number 
of programs on one tape, with a reduced need for manual loading 
of programs. The ease of use and resistance of the devices to 
bad handling will need to be taken into consideration,however. 
Finally, while the use of disc stores with exchangeable 
cartridges has the great advantages of speed and simplicity of 
use, they are rather more expensive than the other types of peripheral 
and may only be justified where time savings in program loading 
are essential to deal with a heavy workload. 
(iii)' Speed. Since program load times and operating speeds are 
interconnected with the Olivetti Auditronic and Mael 4000 machines 
these subjects are considered together. 
As has already been explained, the program instructions for 
the Auditronic are read from the tape cartridge as execution of 
the program proceeds. As a result, the program load time is spread 
throughout the execution.of the program and, while this time can 
be minimised by careful programming, appreciable time can be wasted 
by having to search the tape for a particular instruction. Running 
speeds are also affected by the relatively slow speed of the delay 
line central memory and the relatively slow (15 characters per 
second) serial printer. The overall running time for the demonstration 
program of 6 minutes 25 seconds, while comparable with the other 
basic machines, therefore suffers from the disadvantage that appreciable 
improvements cannot be made by the use of faster program input devices. 
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The Mael 4000 program running times also include program loading, 
segments of program being read from a punched mylar tape as required. 
Loading times could be reduced by the use of a magnetic disc for 
program storage although in practice the time lost is small because 
of the speed of the tape reader. The machine does, however, have 
the disadvantage that a mechanical, rather than a electronic, tabbing 
mechanism is used, with an appreciable effect on program running 
time. Of the total time of 6 minutes 23 seconds, over a minute is 
used in the initial setting of tabulation stops while further -time 
is lost during program execution. 
Both Philips and Friden VRC's on the other hand are straightforward 
core store machines with the program stored internally although, 
as pointed out earlier, certain information was held on punched 
tape with the 5800 and read in as required. 
With these two machines, program running and load times can 
be considered separately, the running times in any case depending 
almost solely on printer speeds rather than internal processing. 
Times for the basic Philips machine were: loading 4 minutes (using 
the slow card reader), execution 2 minutes 50 seconds, making 
6 minutes 50 seconds in all. Similarly the times with the Friden 
5800 were: loading 3 minutes 30 seconds (additional information 
being read in during execution), execution 3 minutes 30 seconds 
giving a total time of 7 minutes. In-both cases however these 
overall times can be appreciably reduced by faster program loading, 
the Philips load time for example being reduced to 50 seconds using 
a 300 card per minute reader giving an overall time of 3 minutes 
40 seconds, while even faster loading is likely to be possible 
using magnetic tape peripherals. 
(iv) Programming and use for other applications. All four 
178 
demonstration programs were written in machine code. Of the languages 
used the Auditronic's language is the most complex and programming 
is further complicated by the need to use the random access tape 
store efficiently. In any case, virtually all programming for this 
machine is performed by Olivetti's own staff, programming courses 
not generally being provided for users. The Mael 4000's language 
is probably the simplest since the machine is intended for user 
programmed technical applications. An assembly language is provided 
for commercial applications with the P 350 1 s and programs can also 
be written for this machine (and the Burroughs L range for which no 
demonstration program was produced) in COBOL or COBOL-type languages 
and compiled on a large computer. 
While VRC's in general are not intended for technical applications 
a scientific language exists for the Philips P 350 range giving 
ready access to trigonometric and other mathematical functions. 
Consequently this machine and the Mael 4000 would he easier to use 
for certain applications, such as surveying, than the other machines 
under consideration, or indeed than most other types of VRC. 
(v) Print speed and qualitY.• Print speeds for the Philips and 
Mael machines are similar at around 22 characters per second except 
where individual characters are repeated when speeds fall to 15 cps. 
The Friden 5800 was slightly faster with speeds of up to 25 cps, 
the more common characters on the keyboard being duplicated to 
reduce the time lost by repetitive printing. The Olivetti Auditronic, 
differing from the others by using print wheels rather than a type 
bar (or basket) printer, was somewhat slower with a constant print 
speed of 15 cps. As pointed out earlier, all the machines under 
consideration have tabulation facilities (not universally true with 
VRC 1s), those on the Mael being mechanical while the others have full 
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electronically addressable controls. 
All machines produce output of a sufficient quality for the 
direct or indirect completion of drawings. 
(vi) Line length and paper handling. All the machines demonstrated 
are suitable for use with A3 size drawings, the longest line lengths 
being provided with the Auditronic (700 mm) and one version of the 
Philips P 350 (660 mm). All had front feed facilities either as 
standard or as optional extras. 
(vii) Ease of use. All machines were easy to operate, being suitable 
for use by a typist after comparatively little additional training. 
The main differences between machines as far as operating is concerned are in 
the methods used for loading programs which have already been 
discussed. 
(viii) Costs (hardware only). 
(a) Friden 5800 
Basic machine, used for demonstration 
(including 4096 characters program store 
26 data storage words 
20 cps paper tape reader 
20 cps paper tape punch). 
Additional program core storage 
first 2048 characters 
each additional 2048 characters 
(up to a maximum of 12288 additional characters) 
Additional data core storage 
each 32 data storage words 
(up to a maximum of 64 additional words) 
Magnetic tape program storage. 
(reel storage) 1BO 
£7450 
£1300 
£ 660 
£ 250 
£3000 (estimated). 
(b) Muldivo Mael 400 range. 
Basic machine used for demonstration 
(Mael 4000) 
(including 1000 program steps 
100 data storage words 
520 cps tape reader 
40 cps tape punch) 
As above with additional 70 cps tape reader 
(Mael 4002) 
As Mael 4000 with interchangeable disc store 
(Mael 4004) 
Additional disc cartridges 
(c) Olivetti Auditronic 770 
Basic machine used for demonstration 
(including one tape cartridge 
up to .35 ,8'00 characters storage) 
Two cartridge machine 
(up to 93,000 characters storage) 
Additional tape cartridges 
50 cps paper tape reader 
50 cps paper tape punch 
Interface for paper tape peripherals 
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£5950 
£6500 
£9975 
f. 80 
£5725 
£6795 
f. 120 
£1280 
£1045 
£125 
(ix) 
(d) Philips P 350 range. 
Basic machine used for demonstration 
(P 352) 
(including 1000 words core store and 
72 cards/minute card reader) -
300 cards/minute card reader 
50 column/second card punch 
50 cps tape reader 
50 cps tape punch 
Magnetic tape program storage 
(cassette storage) 
Additional cassettes 
Disc drive and control unit 
P 356 (as P 352 but with greater line length) 
£6500 
£2100 
£2300 
£2100 
£2300 
£2100 (estimated) 
£5 (estimated) 
£3400 
£7500 
summary. While only a small number of demonstration programs 
were produced, it is considered that sufficient information has been 
obtained for a number of conclusions to be drawn. 
a) Small computers are available for less than £7000 having 
sufficient computing power for reinforced concrete detailing purposes 
and having adequate print and paper handling facilities. 
b) The program storage available with machines at this price 
using a core store memory is rather restricted and1 for the majority 
of detailing applications,programs will need either to be broken 
into segments or extra storage purchased. 
c) While the slow input peripherals provided with most VRC's 
might be adequate in design.offices not having a heavy work load, 
faster peripherals would normally be required, particularly where 
programs are segmented. The use of magnetic tape storage would 
probably be more convenient than punched cards or paper tape, 
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particularly where a number of programs could,be held on one tape. 
Of the machines for which demonstration programs were prepared, 
the Olivetti 1Auditronic 1 suffers from a number of disadvantages, 
which, as far as detailing applications are concerned, offset its 
advantages of cheapness and of having extremely sophisticated paper 
control facilities. The chief of these disadvantages are the machine's 
relatively slow operating speed and the difficulties of programming 
for engineering applications, these problems being interconnected 
to some extent. In addition the restrictions on possible program 
sizes and the cost of the tape cartridges used for program storage 
are unlikely to be acceptable for applications such as reinforced 
concrete detailing where a large number of relatively lengthy prorams 
are required. It should be borne in.mind, however, that the 
'Auditronic', together with the other VRC's under consideration, 
was never intended for this type of application and these comments 
should not be taken as a general criticism of the machine • 
Of the two core store VRC 1 s for which demonstration programs were 
produced the Philips P 352 has the advantages over the Friden 5800 
of providing a greater storage capacity at a lower cost and of 
providing facilities for technical (as well as commercial) computation. 
It has the disadvantage, however, of not providing a non-printing 
output peripheral as standard although,,even if one were required, 
the overall cost of a P 352 and a paper tape or card punch would 
be less than that of a 5800 of equal storage capacity. 
In comparison the Mael 4000, not requiring an additional fast 
reader for program input, is relatively inexpensive and has a 
scientific programming capability, although its operating speed 
is relatively slow, due mostly to its mechanical tabulation facilities. 
IB3 
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Overall, therefore, of the VRC's and similar machines for 
which demonstration programs were produced, the Philips P 352 
would probably be the most useful for detailing applications, costing 
about £8600 for a basic machine plus either a fast card reader or 
magnetic tape storage. 
Alternatively, where a cheaper machine was required and speed 
of operation was not too important the Muldivo Mael 4000, costing 
£5950 might be acceptable. 
Greater facilities such as tape punches and disc storage 
could also be used with these machines, if required, at additional 
cost. 
12.2.2.2 Mini-computers. As mentioned earlier, a comparatively 
poor response to the survey was obtained from mini-computer 
manufacturers although several had earlier verbally expressed interest 
in the survey. At the time of writing only one demonstration program 
had been produced, based on a FORTRAN program written by the author, 
and this had been run in the U.S.A. using a more complex machine 
configuration than would normally be economic for design office 
work. Following discussions with representatives of the manufacturers 
(Digital Equipment Company Ltd.) further tests are to be made for 
the LUCID organisation using the Demonstration program in order to 
obtain comparative results to those produced for the other types of 
computer. Due to the pressure of other work on the manufacturers' 
staff, however, it appeared likely that some time would elapse before 
the information became available. It was decided, therefore, to 
attempt to summarise the advantages and disadvantages of this type 
of computer without waiting for the additional information. 
Two types of computer produced by this company were considered 
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suitable for the application, the PDP 8 and the PDP 11, the actual 
tests having been run on a PDP 11. The PDP 8 is the smaller and 
less expensive of the two types having a 12-bit word memory while 
the larger PDP 11 is a 16-bit word machine, the greater efficiency 
of the larger machine having to be set against the lower price of 
the smaller. Both machines are considered in the following 
discussion. 
Because these machines are small general purpose computers, 
discussion of their facilities and capabilities has been broken 
into two parts, the computers themselves and their normal input 
and output peripherals are considered first, after which the special 
output facilities required for the completion of drawings are 
discussed. 
(i) Storage and program length. Although, for the reasons 
mentioned previously, no information was available at the time 
of writing regarding the core storage required for either the 
compilation or execution of the demonstration program, rough 
estimates can be made. For example, since about 850 64-bit words 
were used by the Philips P 350 1s an equivalent program size using 
12 or 16-bit words would be about 4.5K and 3.4K words respectively. 
Core store with both the PDP 8 and PDP 11 is normally provided in 
increments of 4K words and, even allowing for the relative inefficiency 
of programs compiled from a high-level language and possible factors 
not taken into account in the simple conversion used,- it would be 
expected that the demonstration program would run within 8K words 
of storage with either machine. 
Core storage with either machine can be extended up to 32K words 
and larger programs could be executed either by increasing the storage 
used or by segmenting the programs as described earlier. 
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(ii) Program storage. Although paper tape and punched card peripherals 
are available for use with both machines, the use of magnetic tape 
program storage would appear to be cheaper and more convenient as well 
as allowing faster program loading. Magnetic tape transfer speeds 
of over 20,000 characters per second are possible while whole 
suites of programs can be stored on a single four inch diameter 
tape spool thus reducing the need for manual program loading and 
the subsequent risk of damage during handling. No special environmental 
conditions are required for these tape devices. 
(iii) Speed. No straightforward comparison can be made with the 
other types of computer discussed since, although the processing 
speeds of mini-computers are generally·appreciably faster than those 
of VRC's and similar devices, overall running times will depend on 
output peripheral speeds. For example, where an output peripheral 
having VRC speeds and facilities such as fully addressable tabbing 
was used, similar times to those achieved with the faster VRC's 
should be achieved. Appreciably greater amounts of calculation 
should be possible without calculation times becoming critical. 
(iv) Programming and use for other applications. The great advantage 
of the use of mini-computers is the fact that compilers for high 
level languages such as FORTRAN are available for many machines 
with the result that programming is greatly simplified. The use 
of a FORTRAN compiler requires additional core storage (about SK 
words with both the PDP 8 and PDP 11) so that 12K or even 16K words 
of store would be needed to compile programs of the size of the 
demonstration program. However, where programs are produced at 
one centre and compiled versions distributed to users, only one 
machine having this amount of storage would be needed, only the 
storage required for program execution being required elsewhere. 
In addition, even where user's machines have only 8K words of core 
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storage, small but useful FORTRAN programs could be compiled and 
executed while additional storage to permit the compilation of 
larger programs could be added if required. 
(v) Basic machine costs, 
PDP 8/F PDP 11/20 
Processor + 4K words storage + ASR teletype 
Additional 4K words storage 
Omnibus DECtape control and single tape drive 
£ 
2700 
1380 
1510 
£ 
5400 
1510 
1510 
A basic system comprising a processor, 8K words of storage, magnetic 
tape program storage and a basic teletypewriter (with slow paper tape 
read and punch facilities) would therefore cost less than £5600 using 
a PDP 8 or less than £8500 with a PDP 11, Increasing the core storage 
to 12K words would increase these prices to about £7000 and £10,000 
respectively. 
(vi) Output peripherals for the completion of drawings.. The standard 
output devices used with mini-computers are generally simple teletype-
writers having a restricted line length (normally 72 characters), no 
tab facilities and a comparatively slow printing speed (between 10 
and 12 characters per second), 
While line printers are available, giving a much faster overall 
program speed, they are extremely expensive, a suitable device for 
use with either the PDP 8 or PDP 11 and having an adequate line length 
costing. over £8800, 
Only one peripheral serial printer providing the full range of 
facilities required for the direct completion of A3 size drawings 
is known, This device, the Friden Model 70 is in fact similar to 
the printer provided with the Friden 5800 VRC and provides the same 
facilities. It is, however, relatively expensive, costing £3000, 
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Other devices are available costing much less but having fewer 
facilities, The Westrex model 38 teletype for example, lacking a 
front feed and therefore being suitable only for the indirect completion 
of drawings, costs only £940 and provides a 132 character line 
length, This device's print speed is, however, only 10 characters 
per second and no tabulation facilities are provided. A further 
example is the Friden Flexowriter costing about £1600 with front feed 
facilities, a 175 character line length, a print speed of 12.2 
characters per second and mechanical tabulation, 
All the prices quoted for serial printer peripherals exclude 
the cost of interfacing the device to the computer. Prices for this 
will vary between machines, the cheaper devices such as the Westrex 
model 38 costing less than £200 to interface while the Friden Model 
70 would probably be more expensive, a verbal estimate of £500 
(maximum) having been obtained from the Digital Equipment Company, 
As mentioned earlier, program running times using a mini-
computer depend almost solely on printer speeds, For example, 
where the demonstration program would take about 3 minutes to run 
using the Friden Model 70, the slower print speed and lack of 
tabulation facilities with the Westrex model 38 would increase this 
time to over 10 minutes, Running times with the flexowriter would 
be somewhere between these extremes, 
While more efficient use could be made of the mini-computer 
by outputting results via a high-speed paper tape punch and using 
one or more of the cheaper printing devices off-line, the additional 
cost of the paper tape facilities would outweigh any savings in 
printer costs except in installations having a large work load 
and using a number of printers, 
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(vii) Sunnnary. It is anticipated that a mini-computer configuration 
suitable for reinforced concrete detailing applications with 8K words 
of core storage, magnetic tape drive, simple teletype (providing 
simple punched paper tape facilities) and a full range of print 
facilities (Friden Model 70) could be obtained for less than £9100 
using a PDP 8 computer. Alternatively, provided greater running 
times were acceptable, the direct completion of drawings would be 
possible for around £7400 using an output device such as a Friden 
Flexowriter. While a configuration costing less than £6800 could 
be achieved using even cheaper output devices these would permit 
only the indirect completion of drawings and would considerably 
increase program running times and would be unlikely to be acceptable 
in practice. Costs could however be reduced if required by about 
£500 if the simple teletype was not required. 
Similar configurations using the larger PDP 11 computer would 
cost almost £3000 more and it is considered doubtful whether the 
additional power of the larger machine would provide sufficient 
advantages in this relatively straightforward application. The 
additional tests to be made with the demonstration program should, 
however, provide more information on this subject. 
12.2.2.J. Conclusions. The choice between using VRC's (and 
similar machines) and mini-computers of broadly comparable storage 
and computing power depends basically on three factors: cost, 
speed and ease of programming. 
Comparing the Philips P 352 and the Digital Equipment Company 
PDP 8/F configurations considered earlier, the costs of the P 352 
with fast program input and the PDP 8/F with fast program input 
and a sophisticated print device but without a simple teletype 
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appear to be similar (£8600). Program running times with these 
devices are also likely to be comparable while program load times 
using magnetic tape storage should not differ appreciably. The 
mini-computer does however have the great advantage that programs 
can be written in a high-level language such as FORTRAN. 
Where less expensive machines are required, the Mael 4000 
(£5950) is appreciably cheaper than a more or less equivalent 
mini-computer configuration such as a PDP 8/F with fast program 
input and a print device such as a Flexowriter (£6900 excluding 
teletype). It is considered, however, that the advantages of 
being able to produce programs in a high-level language would 
make the additional expenditure worthwhile. 
As mentioned earlier, further tests remain to be carried 
out for the LUCID organisation to confirm the estimates made of the 
core storage required with mini-computers for the execution of 
detailing programs. Subject to satisfactory result.s being obtained 
from these tests, however, it is concluded that automated detailing 
• 
facilities within the design office would best be provided through 
the use of mini-computers, programs being written in a high-level 
language ~uch as FORTRAN and issued to users in compiled form. 
All the machine prices quoted in this survey have been taken 
from manufacturers quotes for single machines. Considerable 
discounts are available for bulk purchases, however, the Digital 
Equipment Company, for example, operating the following discount 
scale: 
5 to 9 machines 12% discount 
10 to 19 machines 20% discount 
20 to 49 machines 29% discount 
50 to 99 machines 34% discount. 
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For an application, such as the one under consideration, 
where programs would be produced by a central organisation for a 
large number of concerns the advantages of collective buying are 
considerable. For example even a 20% discount would reduce the 
price of an £8600 machine configuration to less than £7000 thereby 
bringing the use of the small computer within the reach of even 
smaller design organisations. 
12.3 FUTURE DEVELOPMENTS 
A number of developments affecting the types of machine 
under consideration can be expected within the next five years. 
The most important of these is likely to be that, with improvements 
in electronic manufacturing technology, particularly the 
production of integrated circuits, the cost of electronic devices 
will fall considerably. One manufacturer has forecast (ref.26) 
that mini-computers having 2K words of 8 bit store are likely 
to be available costing as little as £1000 in the near future and 
only £500 by 1975. It was similarly estimated (ref. 24, page 10) 
that mini-computers costing between £7000 and £8000 now are 
likely to cost between £2000 and £3000 by 1975. As a side 
effect of this greater use of integrated circuits, machine reliability 
is likely to increase greatly. 
While these price reductions of this magnitude will only 
apply to purely electronic devices such as processors and immediate 
access stores, smaller reductions should also take place with 
devices having major electronic components, such as disc stores. 
In comparison, no major reductions are likely to occur in the cost 
of mechanical devices such as printers and input and (particularly) 
output devices for punched cards and paper tape although the use of 
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comparatively cheap magnetic tape cassette input devices is likely 
to become more general. Improvements are likely to occur with 
serial printer speeds although these devices are likely to be more 
expensive than those currently in use 0 
Improvements both in the price and hard copy facilities of 
VDU 1s may well occur although it is unlikely that their use will 
become economic for most design office applications. Major 
improvements are not, however, likely to occur in the cost of 
digital plotting devices. 
13. APPLICATION AND ECONOMICS 
13.1 INTRODUCTION 
The application of automated detailing techniques using the 
proposed method of producing working information will vary between 
organisations depending on the method of computer use, office size 
and other factors. Five separate aspects can be considered: 
(i) the production of drawings 
(ii) the production of calculations and schedules and the 
completion of drawings 
(iii) 
(iv) 
(v) 
the effects on the design office 
the education of staff in the use of the system 
the effects on the site. 
These are considered below, it being assumed that the system 
would be implemented through an organisation such as LUCID, after 
which estimates are made of the economics of the different methods 
of application. 
13.2 THE PRODUCTION OF DRAWINGS 
Drawings may be produced in basically one of two ways depending 
on the method by which alpha-numeric information is to be added. 
Where they are to be completed by hand, by direct addition using 
a serial printer or by indirect addition using an intermediate 
drawing, drawing production isindependentof the alpha-numeric 
information which is added subsequently. Alternatively, where 
overlays and computer output are to be combined to produce a 
completed drawing, as will generally be the case with indirect 
addition, the production of the completed drawing constitutes a 
single process. In either case, however, the basic processes and 
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the arrangements required for the production of linework are similar 
and are considered in this section, while the addition of alpha-
numeric information is dealt with subsequently. 
It is anticipated that the sets of overlays for different 
types of element would be produced commercially by litho-or silk-
screen printing and issued to the member organisations. Alignment 
jigs and covers would also be provided and methods of filing 
and selecting overlays recommended. 
While drawings could be produced using members' existing 
print room facilities, where these exist, the process would be 
better carried out in the design office, giving a better turn-
round and greater control over the production process. Types of 
machine for this purpose were considered in section 8.6. 
In offices where the drawings would be completed by hand, 
drawings could be produced by any junior or office staff trained 
in the use of the system although fewer problems would arise if 
one person were given responsibility for its operation and 
maintenance. Similar arrangements could be used in cases where 
computer produced information originated away from the design 
office, whether at a member's own computer installation or a 
bureau. 
Where computer facilities were provided either in or adjacent 
to the design office, whether in the form of a small computer or 
a terminal, the production of drawings could be made part of the 
job of the machine operator. Alternatively, depending on the 
operator's workload, additional assistance could be provided. 
No problems are envisaged in drawing production, the required 
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overlays being specified either by the detailer for hand completion 
(the detailer being provided with a manual showing the overlays 
available) or on the computer output. Since each overlay would 
be clearly coded for identification and the coding would be 
reproduced on the completed drawing, as shown in Figures 8.3 to 
8.6, only a simple check would be required to ensure that the 
correct overlays had been used. In addition, where the drawing 
was completed by the addition of computer produced information, 
the instructions specifying the necessary overlays would appear 
on the completed drawing as shown, for example, on Figures 7.3 
and 7. 7, makin.g checking even easier. 
13.3 CALCULATIONS, SCHEDULES AND THE COMPLETION OF DRAWINGS 
The procedures to be adopted for the production of calculations 
and schedules and the completion of drawings will depend upon 
the method of computer use, if any, adopted by the design office 
in question. 
Where a large computer is used this will generally be outside 
the control of the design office, whether in an organisatioris• 
own computer centre or at a bureau. In these circumstances, data 
would normally be set out on data coding forms and sent to the 
computer centre for punching although, where a consistently 
heavy work load occurred, the use of data preparation equipment 
in the design office itself might be more economic. 
As explained in section 12, the use of large machines is 
best suited for the processing of large design programs such as 
those making up the Genesys sub-system 'RC-Building' of which 
detailing routines only make up a parte With this type of program, 
data would normally be prepared, and results checked, by the 
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designer as major design decisions are usually involved. Where 
smaller programs are used for detailing alone, data could be 
prepared either by the designer or the detailer since the information 
required will frequently be similar to that normally given to the 
detailer by the designer. While the preparation of data and the 
direct checking of results by the designer may seem simpler in 
these circumstances, it is considered that this work should normally 
be the responsibility of the detailer. The reasons for this can 
be briefly summarised as follows: 
(i) the lower costs involved, particularly with the initial 
checking of the detail produced 
(ii) the ability of the detailer to make any alterations or 
amendments to the standard details produced, to satisfy particular 
requirements 
(iii) detailing remains the responsibility of the detailer 
rather than being split between designer and detailer. 
In either case, calculation results and schedules received 
from the computer would have to be checked, together with the 
listing of the input data, after which the required drawings could 
be produced. Since indirect addition would normally be used with 
output produced on a line printer, completed drawings could then 
be produced directly from overlays and computer output, the results 
checked by the detailer and then passed with the printed ouput 
to the designer for final checking and approval. 
As pointed out in section 8, the use of indirect methods of 
adding alpha-numeric information depends, to a very large extent, 
on the quality of the printed image produced and the willingness 
of computer centres and bureaux to use suitable (diazo or possibly 
plain opaque) continuous stationery. If problems are encountered 
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with either of these requirements, alpha-numeric information for 
the completion of drawings could be produced on punched paper tape, 
with the other results produced on the line printer. Drawings 
could then be completed in the design office by direct addition, 
using an off-line terminal or tape-controlled typewriter. As 
well as the need for additional and relatively costly equipment, 
however, this method of drawing completion suffers from a number 
of organisational problems and would not normally be recommended. 
It was pointed out in section 12 that the use of large machines 
on a batch processing basis is likely to require some degree of 
re-organisation of the work flow within a design office due to the 
program turn around time. The effects of this re-organisation will 
vary depending on the type of program used. Where major packages 
are used, as discussed in section 12, even quite a lengthy turn 
around time is likely to be acceptable owing to the amount of work 
being performed at any one time, since designers will be free to 
concentrate on other work. With programs intended for detailing 
alone, however, problems are likely to be met with detailers' 
resistance to preparing the data for a detail and having to wait 
two or three days for the return of results. This can, however, 
be regarded to a large extent as a problem of management since it 
should be possible for data to be prepared for a number of details 
to be processed at one time. Problems would be met, however, 
where intersections were to be designed for compatj'.bility since 
it would be necessary to wait for one set of results to be returned 
so that information could be extracted as data for subsequent members. 
Where a small computer is used in the design office, different 
considerations apply. The main differences are that the operation 
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of the machine would be under design office control and that very 
much shorter turn around times would be involved, Since the 
smaller types of program would generally be used, the preparation 
of data and the basic checking of results should normally be the 
responsibility of the detailer for the reasons discussed previously. 
For a number of reasons, routine operation of the computer 
should be restricted to one or more trained operators rather than 
allowing designers or detailers to use the machine themselves. 
Even where machines are simple to use, trained operators are much 
less likely to make mistakes. In addition, since any intelligent 
typist would be able to operate most types of machine, operating 
costs would be appreciably less than if detailers were to use part 
of their time for machine operation. This would aiso prevent time 
being wasted by staff queuing to use the machine at peak. periods, 
data being dealt with by the operator on a 'first come - first 
served' basis although priority could be given to urgent jobs if 
necessary. 
Data would therefore normally be set out by the detailer on 
a coding form and passed to the operator who would load the 
appropriate program and then input the data, generally directly 
via a keyboard although in offices with a high work load time 
could be saved by the office preparation of data on paper tape or 
other media. Operating time would be saved if data for a number 
of elements requiring the same program was batched by the user 
to reduce the need for continually having to reload programs. 
While further time could be saved by the operator hatching data 
from different users, turn around times might be seriously affected 
with possible effects on the usage of the system. 
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The technique to be used for the completion of drawings would 
depend on the type of output peripheral used. Where a device having 
front feed facilities, for the insertion of discrete pieces of 
stationery, and an adequate line length was available, direct 
addition would normally be the simplest method of completion, a message 
specifying the overlays required being output as early as possible 
during the execution of the program. The drawing could then be 
prepared during the printing out of the remaining results and 
the various schedules, using a dyeline copying machine adjacent to 
the computer print unit, for insertion into the machine once these 
were completed. Where these facilities were not available, drawings 
would have to be completed by indirect addition. In either case, 
the preparation and completion of drawings could normally be 
completed by the machine operator in addition to her other duties 
except where very large numbers of problems were being processed. 
Calculation results and schedules might also be produced on 
continuous or discrete stationery depending on the device used 
or, where a suitable device was used, calculations and schedules 
could be produced on continuous stationery while direct addition 
was used for drawings. 
The use of devices having front feed facilities would additionally 
permit the reinsertion of bar schedules for the addition of bars 
from subsequent members, if required, rather than having a separate 
schedule for each drawing. Program running times would also be 
reduced if pre-printed discrete stationery were used for schedules, 
similar advantages would result from the use of overlays if 
schedules were produced on diazo paper. 
Less reorganisation of the work flow within a design office 
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is likely to be required due to the use of small computers than with 
the larger machines since much shorter turn around times (minutes 
rather than hours or days) should be possible. In addition the 
use of computer designed intersections will be more practicable 
due to the reduction in time spent waiting for the return of results 
from members detailed earlier. 
The use of on-line terminals in the design office will generally 
require similar arrangements to the use of small machines although, 
owing to the greater range of programs likely to be used, data 
preparation may be the responsibility of the design engineer rather 
than the detailer, depending on the program being used. 
Although reference has been made to the use of small computers 
and terminals 'in the design office', .these devices should normally 
be installed in. a separate room to prevent noise problems. It 
would n?rmally be necessary to have two operators trained in the 
use of these machines to permit continuity of use over holidays and 
sickness and in case of staff changes. It would probably be 
advantageous under normal circumstances to use these operators 
alternately so as to reduce the possibility of boredom with the 
subsequent possibility of errors, the operator off-duty performing 
other work within the design office. While the operator on duty 
could also carry out other work during slack periods, care would 
have to be taken that computer work received priority. 
In all cases where information is produced by computer, full 
checks should be carried out both on the listing of the data used 
and on the results, schedules and drawings. These should be made 
by the person preparing the data, additional checks being made by 
the design engineer responsible for the structure. 
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Where drawings are to be completed by hand, comparatively 
little re-organisation will be required, the detailer merely 
specifying the drawing or drawings required and completing them 
on their return. 
13.4 EDUCATION AND TRAINING 
One of the most important aspects of implementing any form of 
computer-assisted design technique is that of ensuring that the 
system is adequately understood by its users. This is particularly 
important (and difficult to achieve) in applications such as 
reinforced concrete detailing where a system is intended for use 
by a large number of people with little or no experience of 
the use of computers. In these circ~stances it is essential that 
an adequate programme of education should be undertaken. 
In situations such as the one under consideration, three 
distinct groups of people require training: management, users 
and operators. While the content of training courses will vary 
with the type or size of computer used, if any, the basic structure 
of any programme of training will be fairly constant. 
Management, firstly, must be made aware of the various methods 
of application available and their capabilities and costs so that 
a method sui table for their organisation can be chosen. The need 
for, and the extent of, any office re-organisation required for 
the effective implementation of the chosen system must also be made 
clear. It is also Hnportant that management should be aware of the 
system's restrictions. In particular, it must be made clear that, 
for the safe implentation of any system of computer assisted design, 
its use should be restricted to members of staff having the experience 
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to detect discrepancies and mistakes in the results produced, 
The system should not be seen as an easy method of producing 
designs or details without the need for qualified staff or serious 
errors may occur. 
Courses for users should cover a number of topics with the 
intention not only of teaching the mechanics of using the system 
but also of convincing the prospective user of its possible 
advantages. The following subjects should be included: 
(i) An introduction to the system with the reasons for its 
development and its advantages for the design office 
(ii) The advantages to the user, such as the reduction in 
repetitive and tedious error prone calculations required, and 
the higher level of activity that can consequently be undertaken 
(iii) The general use of the system, including matters such as 
organisation, data preparation and the need for checking of all 
the information produced. 
(iv) The use of individual programs and their relationships 
with programs for intersecting elements 
(v) The limitations and restrictions of the system. 
Management and user courses would best be arranged initially 
on a lecture/discussion basis with subsequent tutorial work in the 
case of users. It would be particularly important that sufficient 
time should be provided for user training as otherwise efficient 
use of the system would be unlikely to be achieved, In addition, 
adequate user manuals should be provided covering both the system 
and individual programs and their restrictions. 
By comparison, the training of operators should be relatively 
straightforward provided they already have adequate typing experience 
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since only hard and fast rules have to be taught. Training courses 
have been successfully operated in the commercial data processing 
world for VRC operators for a number of years and it is not considered 
that the use of these or other machines is likely to be any more 
complicated in a design office environment. It is not anticipated 
that operators should be trained in matters such as machine 
maintenance but that maintenance contracts should be taken out with 
machine manufacturers. 
13.5 EFFECTS ON THE DESIGN OFFICE 
While the detailed effects within the design office of any 
system of automated detailing will depend upon the system adopted, 
the general effects will be similar. The proportion of the work 
of the design office that can be automated will also depend upon 
the system involved but should not be expected to be too high. 
Figures have been quoted of between 75% and 85% of new reinforced 
concrete work in a building frame (ref. 27) being suitable for 
design and detailing by a program suite dealing with beams, slabs 
and columns. Proportions of this magnitude would however only be 
obtainable with comparatively straightforward structures planned 
to make as much use as possible of automated techniques. The 
actual proportion of the overall drawing work of the design office 
would be much lower and would probably not exceed 25% on average. 
The main effects on the design office due to using automated 
techniques are the increased quantity of work that can be performed 
by the same number of technical staff and the increased speed possible 
together'with the greater ability to deal with peak work loads. 
The production of details can be left to a later stage of the design 
process with less need for last minute alterations while, in addition, 
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amendments should be produced much more quickly. In addition, 
due to the reduced number of errors likely to occur, less time 
should be wasted in correcting work already done. 
While the proposed method of producing working information 
involves more work in the design office than techniques using 
printers to replace the working drawing, certain advantages do 
result in the design office in the form of easier checking and 
the ability to visualise the results produced, In addition, 
as pointed out before, minor amendments and alterations can be 
carried out easily. 
The majority of the advantages of automated detailing to 
the design office have already been set out in section 3,1, the 
economic effects are dealt with in section 13,7. 
13,6 EFFECTS ON THE SITE 
Automated techniques for reinforced concrete detailing are 
generally intended to reduce design office work loads and costs 
and consequently the needs of the site tend to take second place, 
While the advocates of the various techniques involving the 
replacement of the traditional working drawing can point out that 
information produced using their methods has been successfully 
used on site, these have a number of disadvantages as has been 
pointed out in section 5. However, most automated systems do have 
a number of advantages over traditional techniques as far as the 
site is concerned although these are frequently outweighed by 
their disadvantages. 
Among these advantages is the fact that computer produced 
information is generally less likely to include minor errors such 
as discrepancies between bar schedules and drawings, resulting 
in fewer problems on site, The provision of working information 
for individual elements on separate sheets of paper, given an 
adequate filing system, can reduce the problems encountered with 
having numbers of different members all detailed on large drawings 
such as finding the information required. In addition the 
information is provided in a convenient form for the steel fixer 
to take out on site, 
The proposed method of producing working information has the 
advantages for the site, compared with some other techniques, of 
providing pictorial information and therefore being easier to 
understand and less likely to cause mistakes. In addition its 
compatibility with traditionally produced information makes it 
less likely to cause confusion on site while reducing the problem 
of retraining site labour inherent with techniques using printers 
to replace the working drawing. 
The drawings would be issued to site in indexed loose leaf 
folders, manually produced drawings, where practicable, also being 
produced on A3 sheets and filed with the computer produced information, 
General arrangement drawings produced either manually or by digital 
plotter would be provided as in the past, the individual member 
drawings being cross-referenced with the general arrangement 
drawings. 
Because of the compatability between traditional drawings 
and those produced by the proposed method it is not anticipated 
that any problems will arise with their use on site. Specimen 
drawings have been seen by members of contracting organisations 
in LUCID and others and no complaints or doubts have been expressed. 
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13.7 ESTIMATES OF COSTS.AND SAVINGS 
Although the costs of setting up an automated detailing system 
in a design office can be estimated with a fair degree of accuracy, 
the operating costs of such a system are more difficult to assess, 
particularly in relation to the costs of ~reducing information 
in the traditional way. 
With the proposed method of producing >;orking information, 
estimates of costs are best made separately of the production of 
drawings and the other parts of the process since the drawing 
production techniques can be used independently by design offices 
not using computers. Rough cost estimates for both stages of the 
process were published in LUCID Technical Report No. 2 (ref. 19) 
and these are repeated, with some amendments, in the following 
discussion, additional comments and estimates being made where 
necessary. 
It should be borne in mind, however, that financial savings 
are not the only reason for the use of automated techniques and 
that staff savings, or, more usually, greater productivity from 
available technical staff, and other factors as mentioned in 
section 3.1 may be as, or more, important. 
If such a system for automated detailing was developed by a 
co-operative organisation such as LUCID, the system development 
costs would be spread over the organisation's membership. Assuming 
that an annual membership charge of £100 was made (as with LUCID) 
and that in addition a member firm made an equal contribution in 
terms of technical assistance (by providing staff for working 
parties, for example), the overall cost to the organisation would 
still be comparatively small. For example the cost per man to a 
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medium sized design office having a staff of 40 would be only £5 
per annum. 
13.7.1 Production of·drawings 
It was assumed in LUCID Technical Report No. 2 that a typical 
reinforced concrete member would require about 30 different 
1overlays. If standard details are produced for 10 different 
members, around 300 overlays will therefore be required. Preliminary 
inquiries have shown that, if overlays are printed in quantity, 
material and printing costs should not exceed lOp for an A3 size 
overlay, with A4 overlays costing half this amount. At most, 
therefore, a complete set of overlays would cost £30, so that 
even allowing for each organisation having two sets, the maximum 
cost to an organisation of the necessary overlays should not exceed 
£60. 
At the time of writing one set of three overlays has been 
used over 700 times for the production of demonstration column 
base drawings and is still in a useable condition. Even if an 
average life of only half this is assumed under office conditions, 
the replacement cost of A3 overlays per drawing produced would be 
(30/350)p or less than O.lp. 
A3 size covers would cost approximately 8p each. Assuming 
the same average life as the overlays, their replacement cost per 
drawing produced would be less than 0.03p per drawing giving an 
overall cost for both overlays and covers of less than O.l3p per 
drawing produced. 
In addition, metal registration jigs would be required, the 
cost of which would be unlikely to exceed 25p per jig, together 
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with a system for the filing and selection of overlays for which 
an estimate of £20 may be made. While adequate documentation would 
also be required for the operation of the system its cost should 
. not be excessive. 
The basic costs of setting up a system for the production of 
drawings from overlays should therefore be less than £100 for 
design offices in which suitable copying facilities already exist. 
Where a copying machine has to be purchased·, an additional £200 
to £400 would be required, as set out in section 8.6, depending 
on the technique to be used for the completion of drawings. 
The cost of producing drawings using the proposed technique 
is difficult to assess, depending as it does on the way the design 
office in question is organised and the ways in which the other 
parts of the process are carried out. A rough comparison was 
made in LUCID Technical Report No. 2 (re~ 19, page 28), however, 
between the combined labour and materials costs of producing the 
line work of Figure 8.7 by the proposed method and by hand. The 
figures produced are very approximate and ignore a large number of 
factors including overheads on both sides. The resulting costs of 
8 and 77p indicate, however, the extent of the savings possible 
through the use of the proposed method. In addition, compared 
with the majority of reinforced concrete working drawings, Figure 
8.7 is extremely simple. With most drawings, therefore, the cost 
of manual production would be even greater while that of the 
proposed system should remain more or less the same. 
13.7.2 Calculations, schedules and the completion of drawings 
Because of the variety of ways in which computers can be used 
in reinforced concrete detailing applications, it is impossible to 
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make any overall comparison between the costs of automated and 
manual detailing. Such comparisons as can be made are made 
much more difficult by the fact that estimates of manual detailing 
costs vary enormously. Aphergis (ref. 17, page 3) has pointed 
out that 'People who are anti-computer produce a figure based 
on a draughtsman working flat out in competition; more 
realistically, one should take into account leave, sickness, 
overheads and, especially, coffeetime!' It is probably equally 
true that a number of cost estimates for automated design techniques 
are equally biased! 
Estimates of the savings achievable with existing large 
machine systems vary, with general remarks such as 'cost savings 
can be considerable' (ref. 18) and 'at a cost less than that 
normally· incurred by use of manpower, (ref. 28, page 6/1) being 
the most common. One rather more definite estimate suggests 
that there is 'little difference in costs between calculations 
performed by hand or computer' but that 'the cost of detailing 
by computer can represent a saving of up to 50% compared with 
hand methods.' (ref. 29, pages 5/4). In all cases, however, the 
other advantages of automated design are given at least equal 
importance. 
Because of the difficulty involved in obtaining reasonable 
figures, no attempts have been made to estimate the costs of 
producing details using a large computer and the proposed method 
of producing drawings. These costs would, however, probably be 
slightly greater than those of techniques using line printers to 
replace the working drawing, since the final drawings will have 
to be assembled in the design office. They should, on the other 
hand,be less than with techniques using digital plotters. 
209 
The advantages, both on site and with checking and amendments in 
the design office1 of drawings produced by the proposed method are 
considered, however, to outweigh the slightly greater costs 
involved, 
Difficulties are also met in assessing the economics of 
using small machines in the design office owing to the small amount 
of work so far carried out on the use of these devices, An extremely 
approximate comparison was made in LUCID Technical Report No, 2 
between the relative costs of using the column base demonstration 
program described in section 7.1 and of producing the relevant 
calculations and schedules and completing a pre-produced drawing 
by hand, The resulting relative costs of 33 and 115p.1 once again 
excluding overheads, depend so much on the large , number of 
assumptions made that the only conclusion that can be reached is 
that the use of small machines is likely to be economic. 
The way in which the costs of using the demonstration program 
were assessed does however provide a rough method of assessing 
the costs to an organisation of using a small computer, If, for 
example, a computer configuration costing £8000 were used and 
the cost written off over a period of five years, the annual cost 
of the machine, including maintenance, would be somewhat over 
£2500 or of the order of the annual salary of an experienced 
detailer, In addition, operator's wages would have to be taken 
into accotmt. 
If it were desired to make a comparison between the costs of 
automated and manual detailing, the total annual cost Could be 
divided by the number of hours use expected in a year (a figure 
varying between organisations that would be difficult to assess 
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in advance) to obtain an hourly cost. Depending on program 
loading and running times an estimate could be made of the costs 
of detailing individual members which could be compared with the 
estimated manual cost. 
No account has been taken of program development costs, 
it being assumed,in the case of detailing programs, that these 
costs would be covered by the subscription to an organisation 
such as LUCID. Even if this were not the case, the fact that 
development costs would be shared by a number of organisations 
should considerably reduce the cost to any one firm. For 
assessment purposes an estimated cost per firm could be added 
to the machine price and the running costs estimated from the 
combined figure. 
Difficulties are also encountered in trying to make a 
comparison between the costs of bureau and small machine use. 
With bureau use, no capital expenditure is required whereas 
running costs are likely to be appreciably greater than with the 
use of small machines. As a result, where only a small amount 
of use is to be made of computer facilities, bureau use is 
likely to be appreciably less expensive although as pointed out 
in section 9 the use of small machines will still have a number 
of advantages. 
Further work is required on all forms of computer use to allow 
the most economic arrangement for any office to be found and used. 
In this respect it is encouraging to note that the LUCID organisation 
intends to carry out a detailed study of the economic use of computers 
at a later date. 
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14. CONCLUDING REMARKS 
In concluding this thesis it is intended to identify the more 
important items dealt with in the preceding pages and to set out 
the major conclusions arising, more detailed conclusions being 
described in the appropriate sections. 
1. A need exists for the development of techniques for use in 
the design office, particularly within the labour-intensive 
detailing part of the design process, to permit greater productivity 
and to reduce the amount of time "consuming and comparatively trivial 
work necessary using existing techniques. While considerable work 
on this subject has already been carried out in the industry, the 
present situation of the development of a variety of techniques 
by different organisations is considered to be undesirable, 
especially at.a time that the industry has been moving towards 
the standardisation of manually produced working information. In 
particular it is considered that a standard but flexible system 
is required, suitable for use by both large and small design 
organisations and capable of adaptation for use with new developments 
as time goes on. 
2. Two aspects of the detailing process itself require the 
greatest attention if automated detailing techniques are to be 
applied successfully: 
(i) the form in which working information should be 
produced for issue to site, 
(ii) ensuring compatibility of reinforcement between 
intersecting members, 
and consequently a large proportion of this thesis was 
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taken up in considering the problems involved with both these 
topics. 
3. With the former the main problem was that of finding a method 
for producing working information economically in a form that would 
be acceptable to the site and would not involve a loss of quality 
and clarity compared with information produced using traditional, 
manual, methods. While the use of scale techniques using digital 
plotters may become more generally suitable in the future it is 
considered that, at present, the most suitable approach for general 
application is in the use of non-scale preprinted 'standard' 
drawings, the work involved in the physical creation of these 
'standards' being worthwhile even if other techniques are adopted 
subsequently. 
At the time that this conclusion was first reached, no 
adequate technique existed by which the large numbers of drawings 
·required for
1 
the successful implementation of such a system could 
be produced without causing unacceptable storage problems. The 
system developed by the author, described in this thesis and 
adopted by the LUCID organisation, has overcome this problem and 
has the great advantage of being suitable for use with manually 
produced as well as computer produced details. In addition it has 
the advantage of being suitable for implementation in stages, the 
first stage (the production of drawings) being capable of introduction 
into a design office at an estimated cost, where suitable copying 
facilities already exist, of less than £100. 
4. Three basic techniques for ensuring compatibility of reinforcement 
between intersecting members were considered in some detail in this 
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thesis, particular attention being paid to intersections between 
beams and columns because of the greater difficulties arising at 
this type of intersection. 
4a. The first of these techniques, the use of mutually compatible 
reinforcement arrangements, has the great advantages of relatively 
simply implementation and use. It suffers, however, from the 
disadvantage that arrangements of this type make inefficient use 
of the space available, with a possible consequent need for 
excessive member sizes or manual detailing where heavily loaded 
members are concerned. Furthermore, such arrangements can only 
be used safely and economically at relatively simple intersections. 
At more complex intersections manual checking and possible 
amendment may be necessary if economic details are to be obtained 
consistently, since in order to guarantee compatibility without 
manual intervention excessively wasteful routines might have to 
be employed. 
4b. The second technique, that of using sophisticated programs 
to detail reinforcement taking account of the steel provided in 
members already detailed and having provision for amending such 
details if necessary, appears initially to have the great 
advantage of being able to produce much more economic details. 
Considerable work must be carried out on both the practical and 
economic aspects of this approach, however, and its general 
applicability is open to doubt because of the impracticability of 
using such a technique for intersections where reinforcement 
arrangements cannot be considered virtually in isolation from 
those in adjacent intersections. 
4c. Thirdly, the use of simpler computer programs intended to 
detail members taking into account reinforcement previously detailed 
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elsewhere is likely to have a number of advantages. While considerably 
more complicated computer routines will be required,than with the 
use of mutually compatible details, more efficient results should be 
possible. In particular, because of the way in which greater 
reinforcement densities in particular members at intersections 
should be achievable, there should be a reduction in the need for 
excessive member sizes or manual re-detailing likely to be met with 
the use of compatible steel arrangements. The complexity of the 
necessary computer routines would however, be much less than that 
required with the second technique described and should be suitable 
for use with small as well as large computer configurations. 
5. The next major section of the thesis considered the various 
types of computer on which automated detailing techniques could be 
implemented. Attention was given both to the use of large design 
programs, of which detailing routines would constitute only a 
part, used with large computers and to the use of detailing programs 
using small computers to reduce the load on the detailer in the 
design office. Because of the relatively small amount of work so 
far undertaken on the use of these small machines in the design 
office a survey was carried out of the various types of small' 
computer on the market that appeared suitable for detailing 
applications. As a result of this survey it was concluded that a 
suitable machine, complete with input and output facilities could 
be obtained for about £7000 or at an annual cost to the user of 
less than that of an experience detailer. In addition it was 
pointed out that the costs of electronic devices are expected to 
fall with anticipated improvements in manufacturing technology, 
with the results that the use of these devices is likely to become 
more economic for small concerns while at the same time more 
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powerful machines should become available for the same expenditure. 
6. Finally the implementation of systems for automated detailing 
using the proposed method of working information, both with 
programs for detailing only and as part of larger design packages, 
was discussed together with the costs involved and the effects on 
the design office. It was emphasised that one of the most 
important aspects of introducing any such system would be that 
of ensuring that a proper programme of education was carried out, 
both for management and for the actual users of the system,to 
ensure that the capabilities and restrictions of the system were 
adequately understood. 
7. In conclusion a number of general points can be made. 
7a. Properly applied, the use of automated methods of detailing 
should prove to have appreciable advantages for both design office 
and site, making better use of available manpower and reducing 
errors. For their effective and safe use, however, care must be 
taken to ensure that such methods are used only as tools by those 
having the experience necessary for their proper use and the 
ability to check the results produced. 
7b. Care must be taken to ensure that the use of automated 
techniques does not involve any lowering of standards. This is 
especially true in the case of the problem of ensuring compatibility 
of reinforcement between intersecting members and further work 
must be undertaken into the alternative methods of achieving this. 
7c. Further work is also required to find the most convenient 
and economic methods of computing for different types and sizes 
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of organisation so as to make the advantages of the use of 
automated techniques available to all. 
7d. Above all, care must be taken that the use of automated 
techniques to reduce costs in the design office does not result 
in a greater total cost to the client throug4 the use of 
excessively simplified details. 
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APPENDIX I 
SOME EXISTING SYSTEMS FOR AUTOMATED DETAILING 
Some of the systems developed in industry for the automated 
or semi-automated detailing of reinforced concrete members were 
briefly described in 'Communication from Designer to Site' 
(reference 7). Since the publication of that document a number 
of other systems have been introduced and, in order to give an 
idea of the variety of methods developed, descriptions of a 
selection of techniques, including a number also described in 
reference 7, are set out in th~s appendix. 
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Example 1 
Range of Application 
The design, detailing and drawing of reinforced concrete rectangular 
and circular columns, retaining walls and pre-stressed and reinforced 
concrete bridge decks. 
Procedure 
The starting point of the process varies with the application. 
The column program, for example, requires forces and moments calculated 
elsewhere as well as section dimensions and material properties. By 
comparison the bridge deck program incorporates both·a sophisticated 
analysis section and optimised design routines. Fully detailed designs 
are produced, calculation results and reinforcement schedules to 
BS 4466 being output on a line printer. Reinforcement in intersecting 
members is detailed by hand. 
Presentation of working information 
Scale detailr·drawings, similar to those produced traditionally 
are produced off-line using a digital plotter. General arrangement 
drawings are produced manually in the traditional way. 
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Example 2' 
Range of application 
The detailed design and drawing of a range of reinforced concrete 
elements such as rectangular, T & L beams and circular and rectangular 
columns, Procedures for the detailing, scheduling and processing of 
reinforcement for all types of reinforced concrete structure. 
Procedure 
With the detailed design programs the necessary structural analysis 
is performed elsewhere (the organisation having a comprehensive range 
of analysis programs). The resulting shear forces and bending moments 
are then input to the detailing program together with permissible 
stress levels, covers and section dimensions. The output, produced 
solely by the line printer, consists of error checks and data verification, 
design calaculations, reinforcement and weight schedules and steel fixing 
'drawings' described below. Splice bars are used at beam and column 
intersections to reduce interference problems. 
The general purpose detailing and scheduling system is designed 
to relieve the detailer of tedious arithmetical and clerical work and 
provides a shorthand language to simplify complicated but routine 
scheduling operations. Input data is checked for compliance with 
BS 4466, bar lengths, hooks, laps, weights etc. are calculated and 
bar schedules, fixing information and weight summaries are produced. 
Programs have also been developed for the reinforcement supplier 
for applications such as bar sorting, optimised bar cutting and the 
production of labels and invoices. 
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Presentation of working information 
Working information is produced by the detailed design programs 
in the form of reinforcement fixing drawings built up from printed 
characters for both member cross-sections and elevations. General 
arrangement drawings are produced in the traditional way. 
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Example 3 
Range of application 
The optimised design, detailing and computer aided production 
of drawings for reinforced and mass concrete symmetrical column bases. 
Procedure 
Using applied loads and bending moments calculated elsewhere 
and given material properties, allowable ground pressure, column 
size, overburden depth etc. a minimum cost design, based on excavation, 
concrete, steel and shuttering requirements, is produced for either 
a reinforced or a mass base. 
Output, produced by lineprinter, consists of comprehensive 
calculation results and quantities reinforcement schedule to BS 4466 
and instructions for completing the working information. Column 
starter bars must be detailed manually. 
Presentation of working information 
One of a small number of non-scale A4 size, translucent, 
pre-printed standard drawings is specified in the computer output 
and instructions given for its completion by hand in accordance 
with the Standard Method of detailing reinforced concrete. 
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Example 4 
Range of application 
The design of reinforced concrete beams, slabs, flat slabs, 
columns and other members. The production of detailed designs, bar 
schedules and working drawings for reinforced concrete beams. 
Procedure 
Series of beams and slabs are analysed and designed in accordance 
with CP 114 given the applied loads, covers, permissible stresses 
etc. Columns are designed given sizes, covers, and applied loads 
and moments. Output is arranged in a tabular form for the use of 
the detailer or, if required, the output from the beam program can be 
used as input to the detailed design program for the production of 
line printer produced bar schedules and plotter produced drawings. 
Presentation of working information 
Scale working drawings, similar. to those produced traditionally, 
are produced on a digital plotter, facilities include the detailing 
of nibs and a wi~e variety of main reinforcement patterns. Provision 
is also made for the production of slab, intersecting beam and stub 
column outlines. General arrangement drawings are produced manually. 
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Example 5 
Range of application 
The partial design of a range of reinforced concrete elements 
such as slabs, beams, column bases and retaining walls used in 
conjunction with a range of standardised member drawings. 
Procedure 
Reinforcement areas for particular members are produced by 
desk top computer given details of loadings, material properties 
and member geometry. For beams and retaining walls certain member 
dimensions are also calculated, the programs being used interactively. 
The computer output, printed on a tally roll without any alphabetic 
description, is then attached to pre-printed answer sheets. Detailing 
of the reinforcement, checking of bond lengths etc. is performed 
manually. 
Presentation of working information 
A range of A4 size non-scale drawings has been developed 
covering members such as column bases, columns, beams and staircases. 
These drawings are either held as sets of complete drawings for 
particular elements or, where too large a range of drawings would 
be required, built up using an overlay technique. Beam drawings, 
for example, are built up from a transparent base drawing of title 
blocks and border lines, onto which transparent overlays of the 
beam elevation and cross-sections are superimposed. Copies of 
this composite drawing are produced by junior office staff and 
are checked by the designer who then adds dimensions, reinforcement 
types, sizes and bar marks. Final copies are then made for site use. 
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General arrangement drawings are produced to scale in the 
usual way. 
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Example 6 
Range of application 
The analysis and detailed design of, and the production of 
working information for, reinforced concrete beams of rectangular, 
T, L or I cross section. 
Procedure 
Detailed design of strings of continuous beams of up to 
fifteen spans is performed following the input of span lengths, 
section dimensions, material properties and applied loads. Structural 
analysis is carried out within the program by moment distribution, 
allowing for continuity with the columns above and below and 
different conditions of end fixity. Main and shear reinforcement 
areas are calculated and, if detailing is required, the steel is 
distributed according to one of a number of arrangements laid down 
within the program. 
Output consists of the results of the structural analysis 
calculations and the required steel areas followed by the reinforcement 
fixing information discussed below. Finally bar schedules to BS 4466 
and reinforcement weight summaries are produced. 
If the required steel areas cannot be provided within the 
limits of the detailing part of the program, execution stops and 
detailing has to be performed manually using the calculated steel 
areas. No account is taken of possible interference problems, the 
prevention of which is left to the detailer of any intersecting 
members. 
Presentation of working information 
Reinforcement fixing information is provided in a tabular form 
known as a 'fixing schedule', read in accordance with one of six 
standard sketches or 'fixing diagrams' showing elevation and cross 
sections of steel arrangements for different positions within the 
string. Different sketches are provided for left and right hand 
end beams, end cantilevers and intermediate and single span beams. 
This information is used by the fixer together with a sketch 
or 'Key Plan' locating each member within the building by means of 
a reference identifying the relevant fixing and bar schedules. 
Manually produced general arrangement drawings are also issued 
to the site for general use. 
) 
230 
Example 7 
Range of application 
The computer aided production of reinforced concrete detail 
drawings, together with the production of bar schedules and 
reinforcement quantities. 
Procedure 
Provided with the structural outlines of an element and the 
areas of reinforcement required, the detailer decides on the bar 
layout and produces a freehand sketch of this layout on a copy of 
an outline drawing of the element. Each group of bars is labelled 
with a bar mark only. At the same time he produces a 'data block' 
giving the necessary information for each group of bars to be 
input to the program. 
Output consists of three schedules, a bar locating table, a 
bar schedule to BS 4466 and a weight schedule. 
Presentation of working information 
The bar locating table, containing the bar mark, steel type, 
size, shape, spacing and number of bars in each group is attached 
to the reinforcement drawing, completing the information required 
by th~ steelfixer. The drawing is then titled, checked and printed 
in the usual way. 
To simplify the steelfixers job, pre-printed sketches of the 
relevant bar shapes are added to the drawing near the locating 
table. 
Since the detailing process is basically manual, interference 
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prevention remains the detailers responsibility. General arrangement 
drawings are produced in the traditional way. 
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Example 8 
Range of application 
Analysis, detailed design and production of working information 
for reinforced concrete slab, beam and column structures, 
Procedure 
Once the general arrangement of the structure has been decided, 
the designer i1 required to assess the member sizes required, decide 
on their reinforcement patterns and make an estimate of the bar 
sizes required, This information ia fed to the program together 
with details of covers, material properties, applied loads and the 
type of analysis required, whether empirical or,rigorous. 
The input data ia checked firat for punching errora and then 
for compliance with Code of Practice and other requirements. Elastic 
analysis is then performed, transferring reactions from slabs to 
beams, to columna and down to foundation level for the subsequent 
manual design of foundations. 
Reinforcement is then detailed according to the apecified 
pattern for each member, optimiaing the reinforcement. Warnings 
are printed if the designer's _.timatea for any members are 
significantly different from the calculated areas. If major 
discrepancies occur or the concrete sizes are inadequate the 
particular seta of calculations are specially marked and information 
omitted from the relevant bar aehedulea to prevent construction, 
Output conaiats of the warning messages referred to above, 
tabulated calculation result• for each element and quantities for 
&buttering, concrete and reinforcement for each member, summated 
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for each floor and the complete job. Finally tabulated working information 
is produced, avoiding the need for detail drawings. 
The program is usually run at least twice during the preparation 
of a design. One run is made at an early stage to obtain rough 
quantities, to check the viability of the design, to find where 
alterations are required and to obtain accurate foundation loads. 
A second run is made at a much later stage to obtain full construct-
ional information after the completion of all amendments and last 
minute alterations. It is claimed by its developers that between 
75 and 85% of the reinforced concrete work in a typical building 
frame can be designed and detailed by the use of this system.· 
Manual checks to ensure the prevention of interference at 
intersections must be made by the designer. 
Production of working information 
Working information for each member consists of tabulated 
information made up to two parts, a bending schedule to BS 4466 
and fixing instructions for each piece of reinforcement within 
the element, xerox copies of each being provided for site use. 
In addition a booklet containing non-scale drawings of the selected 
reinforcement patterns is issued to site for cross reference with 
the fixing instructions. It is claimed that these patterns are 
not required by fixing staff after the first three or four days use. 
General arrangement drawings are produced either traditionally 
or using a digital plotter. 
234 
Example 9 
Range of Application 
Design and production of working information for reinforced concrete 
beams, slabs, columns, walls and foundations. Production of scale 
general arrangement drawings. 
Procedure 
Continuous beams are analysed by moment distribution taking joint 
fixity into account. Bending moment and shear forces are computed and 
diagrams, if required, produced on a digital plotter. Reinforcement 
areas are then calculated. Other members are designed using moments 
and forces calculated elsewhere. In all cases, bar schedules are 
produced to BS 4466 together with material summaries for individual 
members and complete structures. Interference at beam and column 
intersections is minimised by the use of loose splice bars. 
Presentation of working information 
Reinforcement details for beams are printed in diagramatic form 
on the line printer. Details for columns, footings and walls are 
produced on the line printer in tabulated form and used in conjunction 
with a series of standard printed fixing diagrams. Slab details are 
produced on a digital plotter as are general arrangement drawings. 
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APPENDIX II 
EXAMPLES OF WORKING INFORMATION PRODUCED BY 
EXISTING AUTOMATED TECHNIQUES 
The illustrations and bar schedules comprising this Appendix 
are reproduced with the permission of the following organisations: 
Figure 1. Engineering Solutions Ltd. 
Figures 2 & 3 Computer Consortium 
Figures 4' 10, 
11, & 12. Building Computer Services Ltd 
Figures 5, 6 & 7 W.V. Zinn and Associates 
Figures 8 & 9 Kenchington Little & Partners 
Figures 13& 14 G.K.N. Reinforcements Ltd. 
Figures 15 & 16 G.K.N. Reinforcements Ltd and 
Loughborough University of Technology. 
Descriptions of the techniques used are given in section 5 of 
this thesis, the particular illustrations being referred to in 
section 5.2. 
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APPENDIX III 
RELEVANT TYPES OF COMPUTER OUTPUT DEVICE 
1. The Visual Display Unit (VDU) 
This consists of a cathode ray tube device (frequently abbreviated 
to CRT). Two varieties of device exist, one of which is restricted 
to displaying alpha-numeric characters only and is generally used in 
applications such as data preparation and on-line information systems 
to provide information for which permanent copies are not required. 
With the second type of device, however, combinations of characters, 
vectors and arcs can be built up so as to produce complex 'drawings'. 
and it is this type of device that might have applications in the 
preparation of working information. 
Normally the displays on these devices are produced in the same 
way as a television picture with the image being refreshed several 
times a second. To allow this to take place the co-ordinates of 
all the information being displayed must be held in the computer's 
memory, requiring the use both of complex programming and of large 
amounts of store for considerable periods of time and making the 
technique expensive to use. 
Recently, however, bistable storage tubes have been produced 
which do not require refreshing. Much less computer storage is 
required and operating costs are appreciably reduced. These devices 
are, however, still at a fairly early stage of development. 
Permanent copies of the display must be made either by photography 
or by hard copy units attached to the display device, the quality 
of copies produced by the latter technique is, however, comparatively 
poor at present. 
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2. The Digital Plotter 
This device consists of a plotting pen, controlled by signals 
from a computer, moving either in two directions over a fixed surface 
(the flat-bed plotter) or in one direction over a plotting drum 
similarly controlled by the computer {the drum plotter). The device 
is fairly slow, especially in the production of alpha-numeric 
information and is consequently usually used off-line using computer 
produced magnetic or paper tape due to the high cost of on-line operation. 
Most of these machines, particularly the cheaper and the faster 
type~ of device, have the movements of their components and therefore 
the lines produced restricted to a small number of directions. As a 
result lines not lying in any of these directions have a stepped 
appearance. The effect is small, however, and insignificant in 
practice, particularly with structural details where a preponderance 
of orthogonal lines occurs. 
The quality of the output produced is, generally, extremely 
good but the devices have a high capital cost ·, especially for the 
larger and more accurate types and require expensive software, 
particularly for the production of information other than simple 
graphs and drawings. 
3. The Lineprinter and the Serial Printer 
These two types of device produce printed information only. 
With the former, lines of print are produced in one operation and 
printed by impact using an inked ribbon. Continuous stationery 
is invariably used, paper transport and alignment being achieved 
by the use of sprocket holes punched in the margins of the paper. 
Speeds of between 300 and 2000 lines per minute are common with 
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line lengths of up to 160 characters although shorter line lengths 
are generally used. 
Serial printers, on the other hand, produce information 
character by character, either the printer unit or the carriage 
moving horizontally. Impact printers operate at speeds of between 
ten and thirty characters per second while, recently, impactless 
printers using sensitized papers have been produced with speeds of 
over one hundred characters per second. The quality of print produced 
by these faster devices is relatively.poor,however, and the use of 
special papers increases operating costs. Serial printer line lengths 
vary between about 72 characters and over 250 depending on the use 
intended for the device. Paper transport and alignment may be achieved 
by sprocket holes or platen friction, front feed facilities for 
discrete stationery are also frequently available with machines 
intended for commercial use. 
When used as a remote terminal to a large computer, serial 
printers are generally used as part of a small computer input/output 
device known as a teletypewriter. Two types exist, normally referred 
to by the abbreviations KSR (keyboard send/receive) and ASR (automatic 
send/receive). With the former, the serial printer is used in 
conjunction with an alpha-numeric keyboard for the transmission of 
data,while, with the latter a paper tape punch and reader are 
additionally provided to allow the faster transmission of data using 
paper tape produced off-line. 
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APPENDIX IV 
LUCID TECHNICAL REPORT NO. 1. 
SMALL COMPUTER STUDY 
DEMONSTRATION PROGRAM INFORMATION 
This report, referred to in sections 7 and 12 of this thesis, 
is reproduced in full. 
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LUCID/1 
May 1971 
~··~····.· 
C 0 N F I D E N T I A L 
SMALL COMPUTER STUDY 
LUCID/1 
May 1971 
DEMONSTRATION PROGRAM INFORMATION 
by 
C.A. Yardley B.Sc (Eng) 
SUMMARY 
A brief introduction is given to the application of 
computers in the detailing of reinforced concrete 
. structures. LUCID and the LUCID system are introduced 
and the role of the small computer within the system 
' 
explained. ·A test program to permit manufacturers and 
sales organizations to demonstrate the suitability 
of their machin~s for this application is documented, 
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1. INTRODUCTION TO LUCID 
In the design of reinforced concrete structures one of~the 
most time consuming, tedious and expensive processes is that of 
working out exactly the lengths, shapes and positions of the 
various items of reinforcement needed, producing lists of the 
quantities of materials involved, scheduling this information 
for material suppliers and arranging it in a form suitable for use 
on the building site (usually in the form of a drawing). 
In a design office this work, known overall as detailing 
is generally performed by a detailer or draughtsman in accord-
ance with instructions from an engineer l~ho has carried out the 
preliminary design and the calculation of the member sizes and 
the total area of reinforcement required. 
The work is routine, generally monotonous and involves a 
large quantity of data on which a large number of minor arithmeti-
cal calculations are performed. Involving as it does the produc-
tion of large amounts of information in the form of schedules and 
drawings the process is expensive and time.consuming in addition to 
which it is becoming more and more difficult to recruit staff with-
in the industry for this type of work. 
Work has been carried out in automating this process by a 
number of firms using large computers and several different 
techniques have evolved, especially in the production of information 
for the building site. 
The production of calculations and schedules is relatively 
straightforward and generally similar methods have been used for 
these parts of the process but because of the problems involved in 
producing drawings quickly and cheaply by computer several techni-
ques have been developed such as the use of digital.plotters, 
drawings built up from the printer characters, pre-printed 
drawings used in conjunction with computer output and attempts to 
use line prinfer listings to replace the traditional drawing. 
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This has resulted in a range of different types of output 
being used on site which, Qt a time when the industry has been 
attempting to standardise the way in which information is trans-
ferred from design office to site, can only be regarded as a 
retrograde step. 
Further, because of the costs involved in the use of 
computers, from both the hardware and software preparation points 
of view only a few of the larger design firms have been developing 
computer techniques, leaving the rest of the industry unaided. 
Because of these two reasons of cost and lack of standardi-
sation of output it \~as decided to set up an organisation at 
Loughborough University of Technology to be known as LUCID -
Loughborough University Computerised Information and Drawings -
to act as a joint venture of design and construction concerns to 
develop a standard procedure for the application of automation to 
the detailing of reinforced concrete structures and to spread the 
cost of development over a much wider area. 
LUCID currently has a subscribing membership of over 80 
organisations comprising a mixture of consultants,·contractors, 
local authorities, government minictrias etc.including several of 
the firms which have already been carrying out work in this field. 
2. THE LUCID SYSTEM 
The intention of the organization is to produce a system 
suitable for flexible adoption by its members depending on the size 
of the concern and for this purpose two separate steps towards 
drawing office automation will be provided. 
Firstly, to reduce the amount of time spent in the design 
office in the production of drawingP a range of non-scale pre-
printed drawings will be produced for the various types of element 
commonly encountered such as beams, columns, floor and roof slabs 
and staircases. 
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Because of the enormous number of drawings that would be 
required for a comprehens~ve system it is envisaged that these 
drawings would be built up from a series of overlays - for 
example if a complete drawing comprised a plan, en elevation and 
e cross section, ten different overlays of each view would give 
up to a thousand different drawings thus drastically reducing 
storage and filing problems, 
These overlays would then be assembled as required, copies 
made of the assembled drawing and any required labelling or titling 
added by hand thus removing a large proportion of the work involved 
without the need for computer facilities, 
The second stage will involve the preparation of computer 
reutines to carry out reinforcement distribution, the preparation 
of schedules and the completion of drawings starting after the 
completion of the basic calculations whether performed by hand or 
machine, the principles involved in these three operations being 
described below, 
The reinforcement distribution routines would consist of 
st1·aightforward calculations and listing of results, the degree of 
sophistication of the calculations depending on the capacity of the 
machine used. 
The production of schedules of quantities and reinforcement is 
also relatively straightforwa~:d, the use of the tabula~:·method of 
setting out reinforcement shapes and sizes laid domt in BS 4466 by 
means of dimensions together with a numerical code to give the bent 
steel shape removing any need for pictorial representation, 
Finally it is intended that translu cencies of the drawings 
built up from overlays be.combined with printer output to give a 
fully dimensioned working drawing of the element involved, for 
example by aligning the drawing in a teleprinter and printing the 
required information directly on the drawing. In this way the 
problem of producing a drawing is replaced by a straightforward 
printing problem. 
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3, THE PLACE OF TilE S~!ALL COMPUTER 
Although routines would be written in languages such as 
FORTRAN for concerns having their own machines or using bureaux 
facilities (and in GENTRAN for use with the Hinistry of Public 
Building and Works' GENESYS system) it is felt that there •~ould be 
a demand especially by the smaller concerns, of •~hich a large 
number exist for a relatively cheap system (less than say £8000) 
which could be brought outright or leased, to automate this 
stage of the process. 
For this reason LUCID is investigating the availability and 
suitability of machines in this price range vith a view to 
making recommendations to LUCID members. 
A test problem has been documented for programming on small 
machines in order that the capabilities and capacities of the many 
machines available may be compared and this is set out in the 
follo~7ing appendix. 
It is hoped that computer firms wishing for their machines to 
be considered for this application will dra" up programs in accord-
ance with these requirements and submit details together with copies 
of the output produced for study. 
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APPENDIX 
LUCID SMALL MACHINE DEMONSTRATION PROGRAM 
This consists of a program to design, detail and complete 
the dra,~ing for a column base suppox;ting a square column under 
axial load, the input and output being described in the follo\·7ing 
pages. 
It has been assumed in the attached layout charts that the 
output peripherals used will have a line length of at least 115 
characters. If a narrower device· is usually used the output 
layouts may be compressed provided details are given of possible 
devices compatible with the machine capable of giving the full 
width. 
Information is also requested regarding the amount of storage 
used by the program and the methods ·of loading the program into the 
machine bearing in mind that a large number of different programs 
will be required for different elements. 
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1. INPUT DATA 
1.1 Titling, Labelling etc. 
The following alpha-numeric information is input, a printed 
record being made. 
( i) Name and address of design firm (3 lines of 26 characters) 
(ii) Job description (3 lines of 26 characters) 
(iii) Drawing Title (3 lines of 26 characters) 
(iv) Member (description for bar (2 lines of 12 characters) 
schedule) 
(v) Job Number ( 10 characters) 
(vi) Drawing Number (3 characters) 
(vii) Schedule Number (2 characters) 
(viii) Schedule Revision Letter (1 character) 
(ix) Grid references I and II (2 groups of 2 characters) 
(x) Foundation Level (7 characters) 
1.2 Numeric Data 
The following numeric data is input, a printed record being 
made. 
variable 
column dimension 
load 
allowable ground 
pressure 
no. of identical 
members 
; range ~bbreviation (in formulae & flow chart) 
i 0-999 mm I 0-9999 kN 
I 
I o-999 
I 
! 0-999 
k~'/ ! 
sq .Hi 
I 
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Be 
c 
Pmax 
Nmemb 
2, BASIC CALCULATIONS AND LAYOUT OF RESULTS 
The following are then calculated as shewn on flow charts 
1 to 4 and the more important results printed out together with 
the greater part of the input information in a tabular .. form . 
as shown on output layout sheet 1. 
2.1 The Base 
(i) Length L 
(ii) Depth H 
(iii) Maximum Bending Moment M 
(iv) Required steel area Ast (req) 
(v) Number of reinforcing bars N 
(vi) Required area of each bar A bar (not printed) 
(vii) Bar diameter D 
(viii) Steel Area Provided Ast (prov) 
(ix) Pitch 
2.2 Column starter 
(i) Required steel area Asc ( req) 
(ii) Number of reinforcing bars Nstart 
(iii) Required area of each bar As tart (not printed) 
(iv) Bar diameter -DDstart 
(v) Steel Area Provided Asc(prov) 
(vi) No, of sets of links Nlink 
(vii) Link diameter Dlink 
(viii) Drawing Type (Column Overlay Type) 
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alpha-numeric 
data 
~C.106 
L = Pmax 
Round L to 
nearest 100 
above 
1000. c.(L-Bc) 
H~ 1•05. L2 
Round H to 
nearest 100 
above 
BASIC CALCULATIONS. 
I 
/ 
L= 800 
L= Bc+l50 
265 
t7 I I 
M C.(L-Bc)2 
BOOO.L 
I 
. 
Ast(req) 
M.I06 
-
I 7 2·5.H 
=~-15] +2 N 225 
I 
I ' 
Round N down / 
to nearest I 
whole number 
Abar= Ast(reg} 
N 
oJ';·Abar 
.. 
3•14 
is 
D> 32 - ves 
no, l, 
FAILURE 
' 
round D up to MES~AGE 
nearest of I 
10,12,16,2Q25,32 
cb 
Ast(prov) 
-
3·14.N.D2 
- 4 
Pitch 
L-150 
- N-1 
tJ 
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m Asc(req) .. 
>--n-t:o>-___;=- IOOO.c-5·3.Bc2 
Asc(req) 
= 0·8.Bc2 
100 
Nstart=4 
Overlay type = I 
A start 
_ Asc(req) 
Nstart 
Os tart 
= ~.Astart 
3rl4 
round up Ostart 
to nearest of 
12,16,20,25,32 
Asc(prov) 
no 
=3.'14.Ns lort(Dstarff 
•4 
169·7 
Nstort=B 
Overlay type =2 
'· 
' 
FAILURE 
MESSAGE 
~ 
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yes FAILURE MESSAGE 
11 
Nstart=12 
Overlay type=3 
es · 
FAILURE 
MESSAGE 
Ill 
NI ink 
·=[H-150g+ 2 [300 
Roll nd NI ink 
down to nearest 
whole number 
Dlink=6 
Pitch(link) 
H-150 
Nlink-1, 
END OF 
INITIAL 
CALCULATION 
no 
Dlink=B 
.. 
NOTE:' Foil.ute messages 1 11 Ill .& IV con be shown 
by 'FAIL (,'FAIL 2' etc .. •· 
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W'...ADINGS A!ID CALCUL\TIOU RESULTS (OUTPUT lAYOUT SHEET 1). - -- ___________ _,_ ____ ·---------·--. ·--- --
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I I I 
: I 
I i 
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11 I I ! : I 
I i 
I ! 
I 
! I 
I 
I I I I 
H I I 
l7 
le : 
39 I ; 
(0 'H 
' 41 
V iJ 0 Vf R AY Y'l> ~ ! I 
I I ' ! 
' 
' 
I 
I i 
I I 
42 I I I I I ! 11 ! I 
42 I I I I ! I I I I 
<4 
' 
' 
4! I 
·~ ' ' I I I u : I I I 
<r I I I I ! 
I ' I 
I I I I, ~· ~~ I ~-·~!~~· H4++~44++~4+++~44++HY~+++~4++~HH++++~~f++~H4++HH++~~++~4+~1 H1 P1+1 ~HH++~H4+~HH4+++HH+1+~1 ~H4++1 ~I~I! 
3. BAR SCHEDULE 
The following grours of results are calculated as sho'm end 
printed in a tabular form together with certain of the alpha-
numeric input as shown on output layout sheet 2. 
3.1 Main Steel 
Bar Mark 01 
Type Y (character) 
Size D 
No. of members 
No. in each 
Total No. 
Bar length 
Shape Code 
A* 
B*, C*, D* & E/R* 
3.2 Starter Bars 
Bar Mark 
Type 
Size 
No. of members 
No. in each 
Total number 
Bar length 
Shape Code 
A* 
B*, C*, D* & E/R* 
3.3 Main Links 
Bar Mark 
Type 
Size 
No. of members 
No. in each 
Total number 
Bar length 
Nmemb 
2.N 
2.N .Nmemb 
L-125 
20 
L-125 
Blank 
02 
Y (character) 
Dstart 
Nmemb 
Nstart 
Nstart. Nmcmb 
145 + 38. Dstart + H-2.D (rounded up 
to nearest multiple of 25) 
37 
150 
Blank 
03 
R 
Dlink 
Nmemb 
Nlink 
Nmemb. Nlink 
4A + 20 Dlink (rounded up to nearest 
multiple of 25) 
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3.3 Main Links (cont 1 d) 
Shape Code 
A 
B 
C, D & E/R* 
60 
Bc-115-2 Dlink (rounded down to nearest 
multiple of 5) 
Bc-115-2 Dlink (rounded·down to nearest 
multiple of 5) 
Blank 
~: The length A in the bar length calculation refers to the 
length A following the shape code 
3.4 Minor Links - omitted if Nstart = 4 
Bar Mark 04 
Type R 
Size Dlink 
No. of members Nmemb 
No. in each 
Total number 
Bar length 
Shape Code 
A 
B 
c 
D & E/R 
2.Nlink (if N start = 8) or 
4.Nlink (if Nstart = 12) 
2.Nmemb. Nlink (if Nstart = 8) or 
4.Nmemb. Nlink (if Nstart = 12) 
A + B + 0.57C + 4.4 Dlink (rounded 
up to nearest multiple of 25) 
85 
ll.Dlink {rounded up to nearest 5) 
Be - 115 (rounded down to nearest 
multiple of 5) 
Dstart + 2 Dlink (rounded up to 
nearest multiple of 5) 
Blank 
Note: The lengths A, B & C used in the Bar length calculation 
refer to the dimensions A. B & C following the shape code. 
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BAR SCHEDULE (OUTPUT LAYOUT SHEET 2) 
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4. DRAWING 
Finally the information required to complete the drawing 
is printed, set out as shown on output layout sheet 3. 
The representation used on this sheet is as follows:-
Rectangular boxes indicate the positions of results and 
variable data, the contents of the boxes being shown by one of: 
a) Information within the box 
e. g. 
I 
Drawing 
Title _____ _, 
b) Information attached to the box 
e. g. 
...... 
-~G)ri 
re£ 
II 
c) Information clearly indicated by a description to be 
printed dn the drawing 
e.g. DRAWING NO 
Information not enclosed in any' form of box is to be printed 
as text in the position shown. 
!JQ!§: 
The characters '04 1 in positions 21 & 22 of lines 33 & 40 are to be 
printed only if the drawing type is 2 or 3. 
Similarly characters 95 to 103 on line 8 should be left blank for 
drawing type 1. If printed the content of character positions 95 
& 96 on that line should be equal to 2xNlink for drawing type 2 or 
4xNlink for drawing type 3. 
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5. EXAMPLES 
The following documents are attached as examples of the 
types of output required. 
1) The input data 
2) Base calculations and results for this data 
3) The relevant bar schedule 
4) The relevant completed dra,~ing 
5) The fonn of the bar schedule for dral<ing type 1 
6) The drawing layout for drawing type 1 
7) Amended bar schedule layout for 72 character line length 
The actual drawings are shown for interest only as it is 
expected that any programs produced will merely present the 
titling and labelling of the drawings on plain paper. 
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APPENDIX V 
SMALL COMPUTER SURVEY RESULTS 
ORGANISATIONS APPROACHED 
(i) Mini-computers 
Applied Computer Systems (through Sir Frederick Snow & Ptnrs) 
Digital Equipment Co. Ltd. 
Hewlett-Packard Ltd. 
Interdata Ltd. 
Marconi-Elliott Computer Systems Ltd. (now G.E.C. Elliott Computers) 
Raytheon Computers Ltd. 
Unidata Ltd. 
Varian Associates Ltd. 
Viatron Computer Systems (U.K.) Ltd. (now Lamson Viatron Computer 
Systems Ltd.) 
(ii) Visible Record Computers 
Burroughs Machines Ltd. 
Friden Ltd. (now Singer Ltd.) 
Litton Electronic Business Systems Ltd. 
Melcom Ltd. 
Philips Electrologica Ltd. 
(iii) Micro-computers 
British Olivetti Ltd. 
Muldivo Ltd. 
Wang Electronics Ltd. 
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ORGANISATIONS EXPRESSING INTEREST 
(with machine type) 
(i) Mini -computers 
Applied Computer Systems 
Digital Equipment 
Marconi-Elliott Computer Systems 
(ii) Visible Record Computers 
Burroughs Machines 
Friden 
Litton Electronic Business Systems 
Melcom 
Philips Electrologica 
(iii) Micro-computers 
British Olivetti 
Muldivo 
Wang 
DEMONSTRATION PROGRAMS PRODUCED 
(i) Mini-computers 
Digital Equipment 
(ii) Visible Record Computers 
Friden Ltd. 
Philips Electrologica 
(iii) Micro-computers 
Muldivo 
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PDP 11 (Digital Equipment) 
PDP 8/f, PDP 11/20 
MECS 2050 
L range 
5800 
New series 
83 
P 350 range 
p 602 
Mael 4000 range 
700 
PDP 11/20 
5800 
P 350 range 
Mael 4000 range 
Each of these machines is documented subsequently. 
Although declining to produce a demonstration program, Burroughs 
Machines Ltd. organised a detailed demonstration of the capabilities 
of their 'L' range of VRC's and details of these machines are included. 
Information regarding the Olivetti 770 'Auditronic' VRC and 
the PDP 8/f is also included for the sake of completeness. 
In the following pages VRC's and micro-computers are considered 
as complete units with input and printing facilities, information 
regarding additional (generally, faster) peripherals also being 
included. With the PDP 8/f and PDP 11/20 mini-computers, on the 
other hand, detailed information on peripheral printing devices is 
excluded from the machine descriptions and examples of suitable 
devices are described subsequently. 
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BURROUGHS MACHINES L RANGE 
MACHINE CHARACTERISTICS: 
STORAGE 
Disc storage - up to 768 64-bit words (3072 instructions) 
combined program and data storage available to user. 
PROGRAMMING LANGUAGES 
Machine code. 
Programs can also be written in COBOL for this range of machines 
and compiled on BURROUGHS 500 series computers. 
PRINT AND PAPER FACILITIES 
Line length 
Maximum paper width 
Print speed 
Printer type 
Horizontal tabulation 
Front feed 
Print quality 
Paper feed 
PROGRAM INPUT - BASIC MACHINE 
150 or 250 characters 
390 mm or 660 mm 
20 cps. 
Golf ball, fixed carriage. 
200 cps. (electronically addressable) 
Standard on some versions. 
Good 
Platen or tractor (tractor extra) 
Loaded to disc from punched paper tape using 15 cps. tape reader. 
ALTERNATIVE INPUT DEVICES 
40 cps. paper tape reader. 
100 card/minute punched card reader. 
265 
BENCHMARK PROGRAM: 
No program produced. 
PRICES (Spring 1972) 
L4000 £6500 
(with 768 word memory, 660 mm carriage and front feed) 
40 cps. paper tape reader £850 
100 card/minute card reader £850 
FRIDEN 5800 
MACHINE CHARACTERISTICS: 
STORAGE 
Core store. 
Up to 16K (5K instructions) program storage plus up to 90 
15 - digit data stores. 
PROGRAMMING LANGUAGES 
Machine code. 
PRINT AND PAPER FACILITIES 
Line length 
Maximum paper width 
Print speed 
Printer type 
Horizontal tabulation 
Front feed 
Print quality 
Paper feed 
PROGRAM INPUT - BASIC MACHINE 
175 characters 
500 mm 
up to 25 cps. 
Type bar, moving carriage 
180 cps. (electronically addressable) 
Optional extra 
Good 
Platen or tractor (tractor extra) 
Loaded to core store from punched paper tape using 20 cps. tape reader. 
ALTERNATIVE INPUT DEVICE 
Magnetic. tape (anticipated) 
BENCHMARK PROGRAM ; 
Storage Used 
Program demonstrated on machine having 4K characters program 
287 
storage and 26 data stores. Information such as titling, bar schedule 
borders etc. read from paper tape as required during program execution 
as program storage fully occupied. Additional core storage has since 
been announced for this machine (see above), 
PROGRAM LOAD TIME 
3 minutes 30 seconds using 20 cps. paper tape reader. 
Could be appreciably reduced through use of magnetic tape program 
input. 
PROGRAM RUN TIME 
3 minutes 30 seconds overall. 
TOTAL PROGRAM TIME 
7 minutes. 
PRICES (Spring 1972) 
Basic machine used for demonstration 
(including 4096 characters program 
store 
26 data storage words 
20 cps. paper tape reader 
20 cps. paper tape punch) 
Additional program core storage 
first 2048 characters 
each addition 2048 characters 
£7450 
£1300 
£660 
(up to a maximum of 12288 additional characters) 
Additional data core storage 
each 32 data storage words £250 
(up to a maximum of 64 additional words) 
Magnetic tape program storage £3000 (estimated) 
(reel storage) 288 
MULDIVO MAEL 4000 RANGE 
MACHINE CHARACTERISTICS 
STORAGE 
Core store central memory plus punched mylar tape with fast 
tape reader. 
Core storage of 1000 program steps plus lOO data stores (16000 hits) 
Mylar tape storage of up to 30,000 program steps. 
PROGRAMMING LANGUAGES 
Machine code. 
PRINT AND PAPER FACILITIES 
Maximum paper width 
Print speed 
Printer type 
Horizontal tabulation 
Front feed 
Print quality 
Paper feed 
PROGRAM INPUT·~ BASIC MACHINE 
450 IIIl1l 
22 cps (differing characters) 
15 cps (repeat characters) 
Type bar, moving carriage 
Mechanical 
Optional extra 
Good 
Platen 
Loaded to core store from punched mylar tape, as required, 
during program using 520 cps. tape reader. 
ALTERNATIVE INPUT DEVICE 
Magnetic drum 
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BENCHMARK PROGRAM: 
STORAGE USED 
About one third of core store occupied by alphanumeric information 
such as job titling. Program of about 4000 steps held on punched mylar 
tape and read to core store as required, about 7 sets of steps being 
transferred during program execution. In addition 30 data stores were 
used, 
PROGRAM LOAD TIME 
Included in program run time. 
PROGRAM RUN TIME 
Calculations 2 minutes 
Bar schedule 2 minutes 16 seconds 
Drawing completion 2 minutes 7 seconds 
6 minutes 23 seconds overall 
These times include the time used for the manual setting of 
tabulation stops which, together with the relatively slow speed of 
operation of the tabulation mechanism, accounts for the comparatively 
long operating times involved. 
TOTAL PROGRAM TIME 
6 minutes 23 seconds 
PRICES (Spring 1972) 
Basic machine used for demonstration 
(Mael 4000) 
(including 1000 steps program storage 
lOO data words 
520 cps punched tape reader 
40 cps tape punch 
290 
£5950 
As above with additional 70 cps tape reader 
(Mael 4002) 
As Mael 4000 with interchangeable disc store 
(Mael 4004) 
Additional disc cartridges 
291 
£6500 
£9975 
£80 
OLIVETTI 770 'AUDITRONIC' 
MACHINE CHARACTERISTICS: 
STORAGE 
Delay line central memory plus one or two random access magnetic 
tape cartridges. 
Delay line memory of 841 4 bit characters 
First tape cartridge of up to 1120 macro-instructions (up to 
35800 characters) of program and data storage. 
Second tape cartridge for data storage only. 
PROGRAMMING LANGUAGES 
Machine code. 
PRINT AND PAPER FACILITIES 
Line length 
Maximum paper width 
Print speed 
Printer type 
Horizontal tabulation 
Front feed 
Print quality 
Paper feed 
PROGRAM INPUT - BASIC MACHINE 
260 characters 
700 mm 
15 cps 
Multiple wheel, fixed carriage 
200 cps (electronically addressable) 
Standard 
Good 
Platen and tractor 
Program stored on interchangeable random access magnetic tape 
cartridge, instructions individually loaded to central memory 
as required during program execution. 
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BENCHMARK PROGRAM: 
STORAGE USED 
Full delay line storage used 
One tape cartridge of 700 macro-instructions used for program 
and data. 
PROGRAM LOAD TIME 
Included in program run time. 
PROGRAM RUN TIME 
Calculations 2 minutes 15 seconds 
Bar schedule 2 minutes 40 seconds 
Drawing completion l minute 30 seconds 
6 minutes 25 seconds overall 
TOTAL PROGRAM TIME 
6 minutes 25 seconds. 
PRICES (Spring 1972) 
Basic machine used for demonstration 
(including one tape cartridge 
up to 35,800 characters storage) 
Two cartridge machine 
(up to 93,000 characters storage) 
Additional tape cartridges 
50 cps paper tape reader 
50 cps paper tape punch 
Interface for paper tape peripherals 
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£5725 
£6795 
£120 
£1280 
£1045 
£125 
PHILIPS ELECTROLOGICA P350 RANGE 
MACHINE CHARACTERISTICS! 
STORAGE 
Core store 
Up to 1000 64 - bit words, combined program and data storage 
PROGRAMMING LANGUAGES 
Machine code 
Assembly language (PAL) 
Scientific applications language (P350-S) 
Programs can also be written in certain high level languages 
and compiled elsewhere. 
PRINT AND PAPER FACILITIES 
Line length 
Maximum paper width 
Print speed 
Printer type 
Horizontal tabulation 
Front feed 
Print quality 
Paper feed 
PROGRAM INPUT - BASIC MACHINE 
164 or 256 characters 
415 mm or 660 mm 
22 cps 
Type bar, fixed carriage 
165 cps (310 cps return) 
Standard (2 sets, semi-automatic) 
Good 
Platen and tractor 
Loaded to core store from 80 column punched cards using 72 card/ 
minute card reader. 
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· ALTERNATIVE INPUT DEVICES 
300 card/minute punched card reader 
Magnetic tape cassette unit (anticipated) 
Magnetic drum 
BENCHMARK PROGRAM! 
STORAGE USED 
814 words combined program and data storage. 
PROGRAM LOAD TIME 
4 minutes using standard punched card reader. 
50 seconds using 300 card/minute reader 
Even faster times should be possible using magnetic tape or 
disc storage. 
PROGRAM RUN TIME 
Calculations 
Bar schedule 
Drawing completion 
2 minutes 53 seconds overall 
TOTAL PROGRAM TIME 
52 seconds 
1 minute 17 seconds 
44 seconds 
6 minutes 53 seconds using standard card reader 
3 minutes 43 seconds using fast card reader 
PRICES (Spring 1972) 
Basic machine used for demonstration 
(P352) 
(including 1000 words core store and 
72 cards/minute card reader) 
300 card/minute card reader 
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£6500 
£2100 
50 column/second card punch 
50 cps paper tape reader 
50 cps tape punch 
Magnetic tape cassette program storage 
Additional cassettes 
Disc drive and control unit 
P356 (as P352 but with greater line 
length) 
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£2300 
£2100 
£2300 
£2100 (estimated) 
£5 (estimated) 
£3400 
£7500 
DIGITAL EQUIPMENT CO PDP 8/f and PDP 11/20 
MACHINE CHARACTERISTICS! 
STORAGE 
Core store 
PDP 8/f: between 4K and 32K 12-bit words 
PDP 11/20: between 4K and 32K 16-bit words 
both machines have combined program and data storage 
PROGRAMMING LANGUAGES 
Machine codes 
Assembly languages (PDP 8/f: SABR 
PDP 11/20: PAL) 
BASIC 
FORTRAN 
and various other languages 
(Different languages require different combinations of core 
store and backing store for both compilation and execution). 
PRINT AND PAPER FACILITIES, PROGRAM INPUT ETC. 
Both machines are small general-purpose computers and we 
separate input and output peripherals, examples of suitable 
simple devices are listed subsequently. 
ALTERNATIVE PERIPHERALS 
Numerous disc and tape storage devices 
Line printer and serial printer peripherals 
Various digital plotters 
Paper tape and punched card peripherals 
BENCHMARK PROGRAM 
No available information, see chapter 12. 
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PRICES (Spring 1972) 
Processor + 4K words storage + ASR teletype 
Additional 4K words storage 
Omnibus DECtape control & single tape drive 
32K word disc file + control 
Additional disc file (max of 3 files/control) 
64K word disc file + control 
Additional disc file (max of 4 files/control) 
(other disc and tape devices also available) 
300 cps paper tape reader + 50 cps punch 
(other paper tape and punched card devices 
also available) 
300 Line/minute, 80 column line printer 
300 Line/minute, 132 coiumn line printer 
etc. 
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PDP/8f 
£ 
2700 
1380 
1510 
3020 
1760 
1960 
6040 
8820 
PDP 11/20 
£ 
5400 
1510 
1510 
3490 
2260 
1960 
6040 
8820 
WESTREX MODEL 38 TELETYPE 
PRINT AND PAPER FACILITIES 
Line length 
Maximum paper width 
Print speed 
Printer type 
Horizontal tabulation 
Front feed 
Print quality 
Paper feed 
OTHER FACILITIES 
132 characters 
380 mm 
10 cps. 
6-row type wheel, fixed carriage. 
None 
None 
Good 
Platen 
10 cps. paper tape reader and punch optional. 
PRICE (Spring 1972) £940. 
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FRIDEN FLEXO~~ITER 
PRINT AND PAPER FACILITIES 
'• 
Line length 
Maximum paper width 
Print speed 
Printer type 
Horizontal tabulation 
Front feed 
Print quality 
Paper feed 
OTHER FACILITIES 
up to 175 characters 
up to 470 mm 
12.2 cps. 
Type bar, moving carriage. 
Mechanical 
Optional extra. 
Good. 
Platen 
12.2 cps paper tape reader and punch optional. 
/, 
PRICE (Spring 1972) 
Varied range of machines available. 
Typical machine having 175 character line length and front feed 
facilities- £160o(excluding tape reader and punch). 
.. 
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FRIDEN MODEL 70 SERIAL PRINTER 
PRINT AND PAPER FACILITIES 
Line length 
Maximum paper width 
Print speed 
Printer type 
Horizontal tabulation 
Front feed 
Print quality 
Paper feed 
135 or 175 characters 
500 nnn 
up to 25 cps. 
Type bar, moving carriage. 
180 cps. (Electronically addressable) 
Optional extra 
Good 
Platen or tractor (tractor extra) 
This device is basically similar to that used with the Friden 
5800 VRC. 
PRICE (Spring 1972) £3000 approx. 
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APPENDIX Y!_ 
BAR SHAPE CODES TO BS4466 MENTIONED IN TEXT· 
SHAPE 
CODE 
,' 20 
37 
41 
43 
60 
DIMENSIONS 
A 
f~~=== B --·--t 
' ~ 
~-B -·-
1 
1 
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A 
DIMENSIONS 
ON SCHEDULE. 
A 
A 
A 
I )-----L-'-
'D 
-
A 
B 
72 B 
A 
B 
C(I.D) 
f= C-
-t- -73 
A 
I A 
-r-B- B 
t A !·l A(I.D) Bl c lB) 
-
.. 
·~n 85 B 1 r~ ] c AI ) c T I t-- D-t. 
·~ 
• 
, ·~ 
3:)3 
I 
• 
